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ABSTRACT 
Plant -paras i t ic nematodes const i tu t ing a substant ia l portion of 
soil biota are cosmopolitan and attack a large number of crops. They 
are now f i rmly recognized as potent ia l ly serious constraints to crop 
product iv i ty . Although monetary losses caused by p lan t -paras i t i c 
nematodes are enormous, but i t is rather d i f f i cu l t to estimate them 
exact ly , as in many instances the damage goes undetected. However, 
the s i tuat ion fu l l y war ran t ef f ic ient control measures. Real izing that 
e l iminat ion of a l l the nematodes and for that matter any kind of pests 
is impract icable, i t is s t i l l possible to derive a l l the benefits by 
reducing their population levels to safer lim'.ts. The best control 
measures are those which reduce the disease causing agent{s) with 
minimum effort and expenditure and which also do not alter the 
ecology of the environment. The deployment of na tura l antagonists of 
nematodes and adoption of cu l t u ra l practices hold great promise in 
this regard . In view of the importance of nematodes in world 's 
ag r i cu l tu ra l crops especial ly wi th vegetables and fodder crops, the 
problem often results in scarci ty of food, cat t le feed and cash for 
poor fami l ies. I n I n d i a , vegetable crops such as tomato, potato, 
c h i l l i , ok ra , etc. are important food sources grown throughout the 
year in succession on the same plot. These crops are highly 
susceptible to nematodes, pa r t i cu la r l y the root-knot nematodes 
Meloidogyne spp. The present research was therefore, in i t ia ted to 
explore the new tactics that do not cause pol lut ion hazards without 
d is turb ing natura l agroecosystem, and which are economically 
feasible. 
The present thesis embodies three broad aspects related to 
nematode control: organic soil-amendment, mixed-cropping practice with 
antagonistic crops , and integrated nematode management. Cost 
effective bare-root dip treatment with plant derivatives and a newer 
approach of urea coating with 'Nimin' have also been attempted. The 
plants selected for the present study represent three different groups 
where they occupy prominent positions, viz . , vegetables, fodder crops 
and oilcrops. The different experiments conducted for the present 
study are as follows: 
A. Integrated nematode control with organic amendment/nematicide 
and intercropping: 
1. Effect of soil amendment with oilcakes and leaves of neem and 
castor , and carbofuran and intercropping of kasni/chicor y 
(Cichorium intybus) with ber seem/Egyptian clover rfrifolium 
aiexandr inum) and r izka/lucer ne, alfalfa (Me die a go sa t iva) on 
population of p lan t -paras i t i c nematodes and yield of the fodder 
crops in field. 
2. Residual effect of different treatments of the preceding experiment 
(No. 1) on the population of p lan t -paras i t i c nematodes and plant 
growth of okra (Abelmoschus esculentus) cv. Pusa Sawani in field. 
3. Effect of soil amendment with oilcakes and leaves of neem and 
castor and carbofuran and intercropping of mustard (Brassica 
juncea) cv. Local with potato (Solanum tuberosum) cv. Kufri-
Chandramukhi on population of p lan t -paras i t i c nematodes and crop 
yield in field. 
li. Residual effect of different treatments of the preceding experiment 
(No. 3) on the population of p lan t -paras i t ic nematodes and plant 
growth of okra (Abelmoschus esculentus) cv. Pusa Sawami in 
field. 
5. Effect of soil amendment with oilcakes and leaves of neem and 
castor , and carbofuran and intercropping of rocket-salad (Eruca 
sat iva) cv. Local with potato (Solanum tuberosum) cv. Kufri-
Chandramukhi on population of p lan t -paras i t i c nematodes and crop 
yield in field. 
6. Residual effect of treatments of the presceding experiment (No. 5) 
on the population of p lant-paras i t ic nematodes and plant growth 
of okra (Abelmoschus esculentus) cv . Pusa Sawani in f i e l d . 
B. Nematode control with organic soil amendment: 
7. Effect of soil amendment wi th chopped plant leaves (fresh) on the 
population of p lant - parasi t ic nematodes and p lant growth of 
tomato (Lycopersicon esculentum Mi l l ) cv , Pusa Ruby and c h i l l i 
(Capsicum annuum L.) cv . Pusa Jawala. 
8. Effect of soil amendment wi th chopped plant leaves (fresh) on 
root-knot development caused by MeloidoRyne incognita (Kofoid & 
White) Chitwood and plant growth of tomato cv . Pusa Ruby and 
c h i l l i cv . Pusa Jawala. 
9. Effect of soi l amendment wi th fa l len leaves on the population of 
p lan t -paras i t i c nematoes and plant growth of tomato cv . Pusa 
Ruby and c h i l l i cv . Pusa Jawala. 
10. Effect of soil amendment wi th fa l len leaves on root-knot 
development caused by M. incognita and plant growth of tomato 
cv . Pusa Ruby and c h i l l i cv . Pusa Jawala. 
11. Effect of soil amendment wi th dry crop residues on the population 
of p lan t -paras i t i c nematodes and p lant growth of tomato cv . Pusa 
Ruby and c h i l l i cv . Pusa Jawala. 
12. Effect of soil amendment wi th dry crop residues on root-knot 
development caused by M. incognita and plant growth of tomato 
cv . Pusa Ruby and c h i l l i cv . Pusa Jawala. 
13. Effect of soil amendment wi th urea coated wi th 'N imin ' (a 
tr i terpene r i ch neem product) and oi ls of neem, castor, mustard 
and rocket-salad on the population of p lan t -paras i t i c nematodes 
and p lant growth of tomato cv . Pusa Ruby and c h i l l i cv . Pusa 
Jawala. 
U . Effect of soi l amendment wi th urea coated wi th 'N imin ' and oi ls of 
neem, castor, mustard and rocket-salad on root-knot development 
caused by M. incognita and plant growth of tomato cv . Pusa Ruby 
and c h i l l i cv . Pusa Jawala. 
C. Nematode control with bare-root dip treatment: 
15. Effect of bare-root dip treatment wi th oi lcake and leaf extracts of 
neem on root-knot development caused by M. Incognita and plant 
growth of tomato cv . Pusa Ruby and c h i l l i c v . Pusa Jawala. 
16. Effect of bare-root dip treatment wi th oi lcake and leaf extracts of 
castor on root-knot development caused by M. incognita and plant 
growth of tomato cv . Pusa Ruby and c h i l l i cv . Pusa Jawala. 
D. Antinemic action of oilcake extracts, leaf extracts, and root-
exudates: 
17. Effect of water extracts of leaves of selected plants on the 
mortality of some p lan t -paras i t ic nematodes, v iz . , Meloidogyne 
incognita, Rotylenchulus reniformis, Tylenchor hynchus brassicae, 
Hoplolaimus indicus, Helicotylenchus indicus and Tylenchus 
filiformis, and hatching of M. incognita in vitro. 
18. Effect of water soluble fractions of undecomposed and decomposed 
oilcakes of neem and castor on the mortality and hatching of 
M. incognita in vitro. 
19. Effect of root-exudates of mustard and rocket-salad on the 
mortality of some p lan t -paras i t ic nematodes, v iz . , M. incognita, 
£ . reniformis, J . brass icae . Hop. indicus. Hel. indicus and 
J . filiformis and hatching of M. incognita in vi tro. 
Summary of results of the above experiments is as follows: 
Effect of different soil treatments and intercropping of fodder crops on 
nematode population and fodder yield in field: 
Berseem/Egyptian clover (Trifolium alexandr inum) and r izka/ 
lucerne, alfalfa (Medicago sat iva) are two important fodder crops 
cult ivated in Northern India for dairy animals. Most often kasni/ 
chicory (Cichorium intybus) , another fodder crop, is also grown 
intermixed with these crops. Preliminary study revealed that fields 
having kasni s ingly, or intermixed with the other fodder crops 
harboured low populaions of p lan t -paras i t i c nematodes. Therefore, a 
thorough study was undertaken to evaluate the practice of 
mix-cropping of the above fodder crops viz-a-viz nematodes. 
It was found that populations of Meloidogyne incognita, 
Rotylenchulus reniformis and Helicotylenchus indicus multiplied freely 
on berseem, indicating it to be a good-host for these nematodes, 
whereas Tylenchor hynchus brassicae and Hoplolaimus indicus 
reproduced only s l ight ly , while Tylenchus filiformis was not supported 
by the crop. Rizka appeared to be a good-host for M. incoRnita and 
Hop, indicus, whereas i t can be regarded a poor-host for Hei. indicus 
and R^ . reni formis, and non-host for J_. f i l i fo rmis and T^. brassicae. 
In case of kasni populations of a l l the nematodes present in the soil 
declined s ign i f i can t l y . The nematode suppressant effect of kasni was 
noted even when kasni was grown intermixed wi th berseem and r i zka , 
thereby showing antagonist ic nature of kasni towards the 
p lan t -paras i t i c nematodes. Results also indicate that reduction in 
p lan t -paras i t i c nematodes had posit ive corre la t ion wi th the 
improvement in fodder y ie lds. Moreover, combined effect of organic 
amendments/nematicide wi th intercropping of kasni was more 
pronounced than that achieved by intercropping of the antagonistic 
crop. Neem cake was found to be most eff icacious against the 
nematodes and the effect was almost at par wi th that of carbofuran. 
I t was fol lowed, in order of ef f ic iency, by castor cake, neem leaf and 
castor leaf. This integrated approach was found to be highly 
beneficial not only wi th respect to nematode control but ,also for 
improvement in crop y ie ld . Inorganic fe r t i l i zers were also effective 
but not to the extent of other treatments. 
The res idual effects of a l l the treatments par t i cu la r l y 
o i lcakes, persisted in the next growing season when a susceptible crop 
okra (Abelmoschus esculentus) cv . Pusa Sawani was grown in the f ield 
without g iv ing any further treatment. Here aga in , neem cake was 
found to be most effective both wi th respect to nematode control and 
improvement in p lant growth. 
Effect of different soil treatments and intercropping of mustard and 
rocket-salad with potato on nematode population and crop yield in 
field: 
A similar experiment was also undertaken to explore scientific 
basis of an age old practice by Indian farmers to grow mustard 
(Brassica juncea) or rocket-salad (Eruca sat iva) as mixed or marginal 
crops with cereals and vegetables. Therefore, it is considered 
desirable to investigate these practices in relation to nematodes. 
These two oilcrops showed highly antagonist ic effect on 
p lant -paras i t ic nematodes even when grown sole or intermixed with a 
nematode-susceptible crop, v iz . , potato (Solanum tuberosum) cv. 
Kufri-Chandramukhi. Results also clearly indicate that , there was 
further suppression in populations of p lan t -paras i t i c nematodes when 
soil was also treated with oilcakes and leaves of neem and castor, 
and a nematicide carbofuran. Neem cake was found to be most 
efficacious agains t the nematodes and the effect was almost at par 
with that of carbofuran. It was followed in order of efficiency, by 
castor cake, neem leaf and castor leaf. This integrated approach was 
found to be highly beneficial not only with respect to nematode 
control but also for improvement in crop yield. As a consequence of 
reduction in nematode population there was an increase in the yield 
of potato. 
The residual effects of all the treatments persisted in the next 
growing season when okra (Abelmoschus esculentus) cv . Pusa Sawani 
was grown in the same field without giving any further treatment. 
Here again , the residual effect of neem cake was most pronounced 
both with respect to nematode control as well as improvement in plant 
growth. 
Effect of soil amendment with fresh chopped leaves on nematode 
population and plant growth: 
Chopped leaves of several p lants , v iz . , Azadirachta indica, 
Calotropis procera, Clerodendrum inerme, Ecualyptus ci tr iodora, 
Lantana indica, Melia azedarach, Ricinus communis and Thuja 
oriental is at two different doses (50 and 100 g/pot) were found to be 
highly satisfactory in reducing the root-gal l ing caused by 
M. incognita. The suppression was greater with the higher dose. 
Soil amendment with chopped leaves of C. procera was found to be 
most effective in suppressing the root-knot incidence followed by 
A. indica, R^ . communis, M. azedarach and L^. indica. E^ . citriodor a 
and X' or iental is leaves gave poor resu l t s . C. inerme was least 
effective of all the treatments. Similarly the population densities of 
natural ly occurring p lan t -paras i t i c nematodes, v iz . , R^ . reniformis, 
J_. brassicae, Hoplolaimus indicus, Helicotylenchus indicus and 
T^ . filiformis were also suppressed. 
Enhanced plant growth of susceptible tomato and chil l i at both 
doses was found to have a positive correlation with the degree of 
control of the nematodes. 
Effect of soil amendment with fallen leaves on nematode population 
and plant growth: 
Fallen leaves of some perennial p lan ts , v iz . , neem 
(Azadirachta indica)^ castor (Ricinus communis) and bakain/Pers ian 
lilac (Melia azedarach) at three doses (25, 50 and lOO/pot) 
significantly suppressed the root-knot development caused by 
M. incognita and population levels of other natural ly occurring 
p lan t -paras i t i c nematodes. Leaves of neem were found to be most 
effective in suppressing the nematode densities followed by castor and 
bakain leaves. Root-knot development and nematode densities 
decreased at the highest dose (100 g/pot) . Plant growth (fresh 
weight and length of shoot and root) of susceptible cul t ivers of tomato 
and chil l i increased with increasing doses of the addit ives. 
Moreover, higher doses were not phytotoxic. 
Effect of soil amendment with dry crop residues on nematode 
population and plant growth: 
Incorporation of dry crop residues of marigold (Tagetes 
e rec ta ) , mustard (Brassica juncea) and sunflower (Helianthus annuus) 
(§ 25, 50 ^ind 100 g/pot into soil proved to be highly effective in 
suppressing the incidence of root-knot disease caused by M. incognita 
as also in reducing the population build-up of some plant -paras i t ic 
nematodes. Enhanced plant growth of tomato and chil l i had a 
positive correlat ion with the degree of nematode control . Higher dose 
(100 g/pot) resulted in better effects, moreover, this was not 
phytotoxic. Lower doses were also effective in controll ing the 
nematodes but these were comparatively less effective. 
Effect of soil treatment with urea coated with 'Nimin' and different 
oils on nematode population and plant growth: 
'Nimin' a neem based product is used by farmers as urea 
coating agent for preventing the loss of nitrogen by leaching. In 
addition, this tr i terpene rich material was found to be highly 
satisfactory in reducing populations of natural ly occurring nematodes, 
v iz . , M. incognita, R. reniformis, T[' brass icae . Hop, indicus. He I. 
indicus and J_. filiformis on tomato and ch i l l i . Similar results were 
also observed, in a separate study, agains t root-knot incidence on 
tomato and chi l l i caused by M. incognita. Enhanced plant growth of 
plants was found to be correlated with the degree of nematode control. 
Higher doses were found to be most effective in reducing the nematode 
populations and increasing the plant growth. 
A similar study was also conducted to evaluate nematode 
control efficiency of oils of neem, castor , mustard and rocket-salad as 
urea coating agents . These treatments significantly suppressed 
populations of natural ly occurring p lan t -paras i t i c nematodes with 
corresponding improvement in plant growth responses. 
Effect of bare-root dip treatment with plant extracts on root-knot 
development and plant growth: 
Bare-root dip treatment of tomato and chil l i seedlings with 
extracts of undecomposed as well as decomposed oilcakes and leaves of 
neem and castor provided protection against the root-knot nematode, 
M. incognita. The inhibition of root-knot development was greater in 
pre-infected and treated plants compared to those inoculated with 
nematode after root-dip treatment. The severity of infection decreased 
with the increase in concentration of the ex t rac t s . Decomposed 
extracts caused relat ively more inhibition in root-knot development 
than undecomposed ex t rac t s . Cake extracts were more effective than 
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leaf ex t rac ts . The growth of plants improved wi th increasin;^ 
concentration of the extracts and i t was correlated wi th the degree of 
control of the nematodes. Extracts of neem were more effective than 
those of castor. As a consequence of reduction in root-knot 
development, p lant growth improved and had posit ive corre lat ion with 
reduction in the incidence of disease. 
Antinemic action of leaf extracts _ir» vitro; 
The antinemic action of leaf extracts of Azadirachta indica, 
Calotropis procera, Cierodendr um inerme, Eucalyptus c i t r iodora, 
Lantana ind ica , Melia azedar ach, Ricinus communis and Thuja 
or iental is against M. incogni ta, R^ . reni formis, X. brassicae, Hop. 
indicus, Hel. indicus and T^ . f i l i fo rmis increased wi th increasing the 
concentrat ion of extracts and the durat ion of exposure period. 
Hatching of M. incognita was also inh ib i ted wi th different 
concentrations of the ext rac ts . 
Antinemic action of water soluble fractions of oilcakes: 
In v i t ro studies, water soluble fract ions (WSF) of both 
undecomposed and decomposed oilcakes of neem and castor were found 
to be h ighly toxic to the root-knot nematode M. incogni ta. Moreover, 
the decomposed extracts were more deleterious to the nematode than 
undecomposed one. The tox ic i ty of d i f ferent WSF increased wi th an 
increase in the concentration and the exposure per iod. These extracts 
also inh ib i ted hatching of M. incognita s i gn i f i can t l y , more being wi th 
11 
decomposed ones. There was an increase in the inhibition in juvenile 
emergence with an increase in the concentration of WSF. 
Antinemic action of root-exudates of mustard and rocket-salad: 
Root-exudates of mustard (Brassica juncea) and rocket-salad 
(Eruca sa t iva) were found to be highly toxic to M. incognita, 
R^ . reniformis, JT- brassicae, Hop. indicus, Hel. indicus and 
T[. filiformis. The toxicity of the root-exudates increased with an 
increase in the concentration and the exposure period. These 
root-exudates also significantly inhibited the hatching of M. incognita 
in vitro. 
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1. INTRODUCTION 
Vegetables are usually defined as edible herbaceous plant 
parts used for cul inary purposes. These are consumed throughout 
the world. In many areas par t icu la r ly in the developing countries 
the entire population largely depend upon vegetables. Because of 
inadequate production and supply, the vegetables are becoming no 
longer cheap commodities. Among major constraints responsible for 
poor productivity of vegetables, pests and paras i tes occupy 
paramount position, p lan t -pa ras i t i c nematodes being one of them. 
Berkeley (1855) was probably the first to have reported nematode 
injury to vegetables, induced by root-knot nematodes on cucumber 
in English green-house. Most common nematode species reported to 
be associated with vegetables belong to the genera Tylenchus 
Bastian, 1865; Ditylenchus Filipjev, 1936; Tylenchor hynchus CODD, 
1913; Hoplolaimus Daday, 1905; Helicotylenchus Steiner, 19'>5; 
Pratylenchus Filipjev, 1936; Rotylenchulus Linford & Oliveira, 19'>0; 
Hirschmannleila Luc & Goody, 196<>; Apheienchoides Ritzema-Bos, 
1891; Longidorus Micoletzky, 1922; Xiphenema Cobb, 1913; 
Radopholus Thorne, 19^9; Tylenchulus Cbbb, 1913; Meloidogyne 
Goeldi, 1887; Heterodera Schmidt, 1871, e tc . Although 
pathogenicity has not been proved for a l l . 
The most common vegetables in India are potato, eggplant , 
okra , cabbage , cauiifiower, cucurbits, immature parts of many 
legumes, tomato, ch i l l i , e tc . These crops are damaged by a number 
of p lan t -paras i t i c nematodes, the root-knot nematodes (Meloidogyne 
spp.) being most serious damaging pests pa r t i cu la r l y to the members 
of Solanaceae, Cucurbitaceae, etc. 
Crop Losses; 
Crop loss is defined as the difference between the at ta inable 
y ie ld and the actual y ie ld (Ch iarappa, 1971). I t is d i f f i c u l t , 
however, to determine the at ta inable y ie ld because i t depends on many 
c u l t u r a l , environmental and pest factors . Actual y ie ld is more easi ly 
measured as that obtained under p reva i l i ng pest pressure, i . e . , 
wi thout protect ion. Al though, ear l ier reports on crop losses due to 
p lant -peras i t ic nematodes thought to be about 5%, whereas, small 
farmers in the developing countries commonly experience much larger 
losses (Taylor and Sasser, 1978). 
The degree of damage depends upon the populat ion density of 
nematode(s) species present, host s u i t a b i l i t y , l oca l i t y , ecological 
factors, agronomic pract ices, control measures adopted, or more 
l i k e l y , a combination of a l l these condi t ions. The presence of 
mul t ip le pathogens makes diagnosis confusing and frequent ly resu l t ing 
in under assessment of the damage caused by the nematodes. There 
are numerous estimates of damage in crop production on worldwide or 
on countrywise basis. For instance, United States Department of 
Agr icu l ture (USDA) estimated worth $372,335,000 loss per annum in 16 
crops (Tay lor , 1967). Ear l ie r , Stapel (1953) estimated an average 
annual loss of 50,000,000 kroner ( t 2 i m i l l i on) resu l t ing from 
Heterodera avenae in Denmark. In other estimates Hutchinson et_ al_. 
(1961) and Cairns (1955) reported $250 mi l l i on and $500 m i l l i on 
respectively annua l l y . According to the Society of Nematologists, 
which undertook a major crop loss estimation project in 1971, the 
losses due to nematodes were to the order of 10% extending to 50% in 
cer ta in s i tuat ions. Feldmesser et_ aL (1971) estimated total annual 
losses to the tune of $159032693'* due to nematodes in 16 f ie ld crops, 
23 f ru i t s and nut crops and 2^ vegetable crops; whi le in vegetables i t 
is estimated to be to the tune of $266,989,100 per year. In England 
and Wales, Globodera rostochiensis alone was responsible for causing 
losses to the extent of 200,000 tonnes potato annual ly (Southey and 
Samuel, 195't). 
Recently Sasser & Freckman (1987) have reviewed crop losses 
on the basis of worldwide survey. They estimated average yie ld 
losses of the wor ld 's major crops due to p lan t -paras i t i c nematodes to 
about 12.3%. They also reported that monetary losses due to 
nematodes exceed $ 100 b i l l i on annua l l y . 
In I n d i a , i t is not f u l l y known as to how much losses 
nematodes cause by way of damage to vegetables crops. However, 
Bhatt i and 3ain (1977) and 3ain and Bhatt i (1978) observed losses 
worth 91%, 1^6% and 27% in ok ra , tomato and b r i n j a l respectively due 
to root-knot nematodes. Reddy (1985) pointed out that the y ie ld of 
tomato was reduced by 39.77% at a populat ion of 20 larvae of 
root-knot per gram of so i l . Van Berkum and Seshadri (1970) estimated 
the loss of $ 10 mi l l ion in wheat from 'Ear cockle' disease caused by 
Anguina t r i t i c i and $ 8 m i l l i on due to 'Molya ' disease in wheat and 
barley caused by Heterodera avenae in Rajasthan State alone. 
Moreover, crop losses in coffee caused by Pratylenchus coffeae worth 
$ 3 mi l l i on was also assessed. 
NEMATODE MANAGEMENT STRATEGIES: 
Nematode management can be defined as a practice whereby 
populations of p lan t -paras i t i c nematodes are maintained at levels that 
do not cause economic losses in crops. There are two broad means 
for the management of nematodes: chemical and non-chemical. The 
di f ferent nematode management strategies are br ie f ly described below. 
Chemical Method: 
For chemical means of nematode managment, basical ly two types 
of chemicals are used: fumigant and non-fumigant nematicides. Soil 
fumigat ion began to be used extensively since the discovery of DD by 
Carter in 191^3. Thereafter, EDB and DBCP in 19^ *5 and 195'f 
respect ively, were formulated as ef f ic ient soi l fumigants for nematode 
management. Non-fumigant chemicals are usual ly carbamates or 
organophosphates; these are mostly water soluble, so rely on water to 
move through soi l p ro f i l e . In general , non-fumigants are economical 
and easier in app l ica t ion , besides being less phytotoxic. Many of 
them have good systemic ac t i v i t y in plants agcrinst nematodes (Hague 
and Gowen, 1987). 
Chemical control s t i l l remains to be one of the most 
outstanding methods in terms of immediate resu l ts , but phytotoxic 
effects sometime pose d i f f i cu l t i es . Furthermore, many nematicidal 
chemicals have been found to have contaminated the ground-water. 
Thus potent ia l ly causing tox ic i ty to human beings. Some of the 
chemicals are equal ly hazardous to l ive-stocks, plants and also to the 
benef ic ial fauna and f lo ra of the so i l . Unacceptable chemical 
residues may occur in f ru i ts due to t ranslocat ion of mater ia l in the 
p lant . Thomason (1985) has pointed out that the environmental r isks 
w i th nematicides war ran t the development and adoption of a l ternat ive 
pract ices. In our count ry , not a long time ago, we have experienced 
a catastrophe in the infamous Bhopal tragedy of 198'f due to leakage 
of MIC (methyl isocynide) gas which was meant for the manufactures 
of some kind of pesticides (Alam and J a i r a j p u r i , 1990a). The recent 
removal of key nematicides from use in several developed countries 
through regulatory action has t r iggered a search for a l ternat ive 
nematode management st rategies. 
Regulatory Method: 
Ntimerous attempts have been made to prevent the int roduct ion 
of nematodes into countries or provinces by means of p lant 
quarant ine. Plant quarant ine is a res t r i c t ion , imposed by duly 
const i tuted author i t ies , whereby the product ion, movement, or existence 
of plants or plants products, is brought under regu la t ion , or in order 
that the introduct ion or spread of nematode may be prevented or 
l im i ted , or in order that a pest already introduced may be control led 
or eradicated. Thereby avoid ing or reducing losses that would 
otherwise occur through damage by the pest or through a cont inu ing 
cost of control measures (Leiby, 1932). Regulatory methods have some 
obstacles in their implementations, because one mater ia l which is 
restr ic ted for a disease, may be infected by other pathogen(s). 
Therefore to check the entry of one causal organism may b r ing menace 
of another pest. 
-Physical Method: 
I n physical means of con t ro l , basical ly nematodes are 
eradicated through heat treatment, steam s te r i l i za t ion and 
pasteur izat ion of so i l , e lec t r ica l soi l heat ing, short wave diathermy, 
peatc heating and 'cooking out ' of mushroom composts, hot water 
treatment, rad ia t ion treatment, u l t rasonics, washing process, seed 
c lean ing , etc. (Alam and J a i r a j p u r i , 1990a). These aspects have been 
reviewed by Jenkins (1960), Southey (1965, 1978) and Maas (1987). 
Chr is t ie (1959) has pointed out that p lan t -paras i t i c nematodes can be 
k i l l ed at ^ ' /-^S'C. Soil solor izat ion is a recently developed and nDost 
effective technique when car r ied out dur ing hottest season of the year 
(Heald and Robinson, 1987; La Mondia and Brodie, 198'*). The thermal 
death of nematodes is quite d i f f i c u l t for par t icu lar nematode species. 
Therefore, temperature regimes has got much importance for effective 
treatments. Though these practices are effective for diseased mater ia l 
l ike propagat ing tuber, shoot or root, but temperature regu la t ion is 
quite d i f f i cu l t . Besides, there are some problems for large scale 
infestat ions. 
Cultural Method; 
Basica l ly , cu l t u ra l practices involve depr iv ing the nematodes 
of a sui table host and thereby reducing nematode populat ion by 
s ta rva t ion . There are many cu l t u ra l practices used in nematode 
cont ro l , v i z . , prevention of spread, f a l l ow ing , f lood ing, selection of 
healthy propagat ing mate r ia l , san i ta t ion , winnowing, time of p lan t i ng , 
harvest ing , nu t r i t i on , general care of host crops, c ropp ing , manur ing , 
etc. The last named category is sometimes treated as biological 
method of nematode control because organic wastes are remains of once 
l i v i n g organisms. 
Cropping! Though, i t appears simple method out i t has many 
problems when a l l aspects are taken into considerat ion. The most 
important disadvantage is the fact that when a nematode species is 
control led by a par t icu lar cropping sequence some non-s ign i f i cant 
species may at ta in noxious level thereby crumbl ing the whole system. 
Moreover, in such a control method some of the low value crops to be 
recommended may not be acceptable to farmers for obvious reasons. 
However, this type of control may be recommended in cer ta in cases 
especial ly those concerning w i th vegetables. 
Use of Nematode-Free Planting Stock: The use of nematode-free 
p lan t ing stock and other sani ta t ion procedures are effective means of 
nematode cont ro l . Even ° though the cost of such practices is 
re la t i ve ly low but growers continue to use nematode infected 
t ransp lan t and seed pieces into infested f i e l d . Apparent ly this is due 
to the ignorance of farmers about the importance of p lan t -paras i t i c 
nematodes. 
Sanitation: The term covers a wide range of c u l t u r a l pract ices, 
inc lud ing weed/crop-residue destruction and dis infestat ion of farm 
implements. These practices are cumbersome and time consuming. 
Fallowing: With fa l l ow ing , in addi t ion to s tarvat ion the nematode is 
also affected by soil desiccation and direct heat from the sun. Most 
p lan t -pa ras i t i c species probably do not surv ive in upper soi l layers 
for more than 12-18 months, and their populat ion densities are great ly 
reduced in f i r s t 6 months. However, some problems occur to implement 
these pract ices: ( i ) the mechanical operations necessary to mainta in 
lands completely free of vegetation are d i f f i cu l t and expensive, 
( i i ) fa l low lands do not contr ibute to farm inconne, and ( i i i ) fa l low is 
poor conservation pract ice. 
Flooding: The pr inc ip le of control involved in f looding are not f u l l y 
understood. Most probably, f looding decreases the oxygen content of 
soi l and may k i l l nematodes by asphyxiat ion (Brown, 1933). The 
disadvantages of f looding are the same as those l isted above for 
f a l l ow ing . Also, an adequate source of inexpensive water should have 
to be ava i lab le for this s t ra tegy. 
Time of Planting: Some paras i t ic nematodes become inact ive dur ing the 
winter season because low temperature i n h i b i t their ac t i v i t i es . By 
p lan t ing crops when soi l temperature is favourable for crop growth 
and unfavourable for nematode development, i t is often possible to 
obta in re la t i ve ly high yields despite the presence of nematodes. 
Biological Method: 
Garrett (1965) has defined bio logical control of p lant diseases 
as "any condit ion under which, or practice whereby, su rv i va l or 
ac t i v i t y of a pathogen is reduced through the agency of any other 
l i v i n g organism (except man himself) w i th the resul t that there is a 
reduction in incidence of the disease caused by the pathogen". 
Several predacious or paras i t i c organisms such as f ung i , bacter ia , 
protozoans, v i ruses, nematodes, ta rd igrades, t u rbe l i a r i ans , 
collumbolans, mites, enchytrae ids , e tc . have been reported as effective 
biocontrol agents of many p lan t -pa ras i t i c nematodes (Kerry, 1987). 
There are few fungi and bacteria which have shown much promise in 
such a control, though their potential for wider use has st i l l to be 
achieved. Some times scientists also included organic amendment, 
antagonism and host resis tance/ tolerance in the broader sense of 
biological control of p lan t -paras i t i c nematodes, while some treat them 
separately or as a par t of cu l tura l method of nematode control. 
Organic Amendments: Application of organic matter into soil for crop 
improvement by farmers has been practised since the advent of 
agr icu l ture , but beneficial effects of organic amendments aga ins t 
nematode control became known only recently (Singh and Si taramaiah, 
1970; Sayre, 1971; Alam, 1976, 1990; MuUer and Gooch, 1982). In 
addition to nematicidal activity on the par t of decomposition products, 
the addition of organic matter stimulates microbial population of 
actinomycetes, bacter ia , and fu-ngi, elements of which might be 
antagonist ic to nematodes (Badra ^ ^ . 1979; Ck)doy e\_ j _ l . , 1983a). 
Antagonistic Plants: Several p lant species are antagonist ic to 
p lan t -paras i t i c nematodes (Alam and Ja i ra jpur i , 1990b), e . g . , 
marigold, Tagetes spp . (Tyler, 1938); mustard, Brassica spp. 
(EUenby, 19^5, Alam ^ £ 1 ^ . , 1976); rocket-sa lad, Eruca sa t iva (Alam 
Sl^'f i976); Asparagus officinalis (Rohde and Jenkins, 1958); neem, 
Azadirachta indica (Alam et ^1^ . , 1977d); Persian l i lac , Melia azedarach 
(Siddiqui and Saxena, 1987a,b), e tc . 
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Biological control is in fac t , a s k i l f u l manipulat ion of 
biosphere against nematodes for ob ta in ing maximum benefi ts. In the 
modern era of research, bio-controi has shown to be a successful 
means of control but i t appears rather d i f f i cu l t to a r t i f i c i a l l y raise 
and introduce nematode antagonists, yet i t is feasible to create 
condit ions which w i l l increase environmental resistance against 
nematodes. Organic amendments and in tercu i ture of antagonist ic crop 
plants would probably hold the key in such endeavours. These two 
aspects const i tu t ing the main theme of the present thesis have been 
reviewed and discussed in the next chapter . 
mi^iiiiii (PiF 
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2 . REVIEW OF LITERATURE 
The focal theme of the present thesis is to control 
p lan t -pa ras i t i c nematodes with organic amendments of soil . As has 
been pointed out in the preceding chapter , organic amendments and 
interculture of antagonist ic crop plants are highly promising 
non-chemical s trategies for the control of p lan t -paras i t i c nematodes. 
These aspects have been reviewed here in this chapter . 
ORGANIC AMEISDMENTS: 
Addition of organic matter into soil is a practice almost as old 
as agr icul ture for improvement of soil ferti l i ty and crop yield. 
However, beneficial effects of organic amendments with respect to 
suppression of plant pathogens including nematodes have been 
recognized in the recent past . Linford £ t a_l_. (1938) were the first to 
observe reduction in root-knot incidence caused by Meloidogyne spp. on 
cowpea (Vigna unguiculata L . ) , when soil was amended with chopped 
pineapple (Ananas comosus L.) leaves. Further studies on these 
aspects were, however, hampered due to the development of many 
highly effective fumigant nematicides during 19'fO's and I950's 
par t icu lar ly in industr ia l ly developed countr ies . As a resul t of recent 
discoveries about environmental and health problems associated with 
the use of nematicidal chemicals, a l ternat ive strategies for the 
nematode control started receiving attention of nematoiogists the world 
over. A brief review with respect to nematode control with different 
organic amendments is given below. 
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Green Manuring: 
Although green manuring with legumes had been a t radi t ional 
practice with Indian farmers in order to improve organic matter and 
ferti l i ty s tatus of the soil , it has also been found to suppress 
populations of p lan t -paras i t i c nematodes. Linford e_t^  a .^. (1938) 
demonstrated that the incidence of root-knot could be significantly 
reduced by incorporating chopped pineapple leaves into the soil 
(9 50-200 tons /acre . Duddington and Duthoit (1960) and Duddington 
et a l . (1961) found reduction of cereal-root-eelworm with the 
incorporation of chopped cabbage (Brassica oleraceae cap i ta ta L.) 
leaves ((9 680 g/0.61 m ) into the infested soil. Hutchinson e_t^  aj_. 
(1960) noticed that population of some p lan t -paras i t i c nematodes, e . g . , 
Hoplolaimus, Ty le nc ho r h y nc h u s and Pratylenchus spp. were 
significantly lower in soil where pieces of pumpkin (Cucurbita pepo 
L.) were allowed to rot compared with the rest of soil . Patei and 
Desai (196'f) tested 5 crops for green manuring in root-knot 
(Meloidogyne spp . ) infested soil , and found Meliolotus alba var . annua 
and Sorghum vulgare highly effective in reducing root-knot 
development. Singh (1965) used chopped leaves of karanj (Pongamia 
pinnata L.) and noted that they were responsible for suppression of 
root-knot intensi ty. Application of alfalfa (Medicago sa t iva) green 
manure in root-knot infested field was found to be good nematode 
suppressant (Mankau, 1968). Efficacy of green crop manure for 
reducing strawberry stem nematode in soil was observed by Andreeva 
(1975). 
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Appl icat ion of d i f ferent p lan t -par ts of neem (Azadirachta 
indica A. 3uss.) were reported in reducing the several p lan t -pa ras i t i c 
nematodes on a var iety of p lant species (Singh and Si taramaiah, 1967; 
Egunjobi and Afolami, 1976; V i jay lakshmi jet £l_., 1979; Ram and Gupta, 
1980, 1982; Gokte and Swarup, 1988). A number of indigenous plants 
have been reported to be capable of managing p lan t -paras i t i c 
nematodes, v i z . , Crota lar ia s p . , Tagetes sp. (Yuhara, 1971). Mentha 
v i r i d i s , Cordia myxa, Anethum graveolens (Haseeo et^ aj^., 198^*), 
Che no podium ambrosioides (Garcia, 1980). Datura (Gupta and Ram, 
1981), Peristrophe b ica lycu la ta , Tragia invo lucra ta , Anthocephalus 
cadamba (Chatterjee and Suku l , 1980), Ar gemo ne me x ic a n a (Nath 
et ^ . , 1982, Alam, 1986). Vigna sinensis, Cassia f i s tu la (La i je^ a l . , 
1977), Datura, I pomoe a, Tagetes, Lawsonia (Kumar i , et^ a_I_., 1986), 
Andrographics panicu la ta , Calendula o f f i c i na l i s , Enydra f luc tuans, 
Solanum khasianum (Goswami and V i jay lakshmi , 1986), Ricinus 
communis (Dutt and Bhat t i , 1986, Nandlal and Bhat t i , 1986; Zaki and 
Bhat t i , 1990), Calendula o f f i c i na l i s , Chrysanthemum coronar ium. Dahl ia 
p innata , Dimorphotheca s inuta (Bano et_ aL, 1986), Solanum 
xanthocarpum Calotropis procera. Cannabis sa t i va , Chenopodium album, 
Clerodendrum inerme. Datura stramonium, Tr ibulus verbnonie, Xanthium 
strumarium (Nandlal and Bha t t i , 1986), Leucaena leucocephala (Paruth i 
et a l . , 1987), AzoUa pinnata (Thakar et^ a_l_., 1987), I ndigofera h isruta 
(Rhode and Forbes, 1986; Rodr iguez-Kabana et^ a_i^ ., 1988), 
waterhyacinth (Siddiqui and Alam, 1989 , i990a). 
Recently, bahiagrass (Paspalum notatum) has been reported in 
the management of root-knot and cyst nematodes in soybean (Rodriguez-
lU 
Kabana ^ aJ^^, 1988, 1989) and M. arenar ia on peanut (Dickson and 
Hewlett, 1989). Hackney & Dickerson (1975) noted populat ion of 
M. incognita were s ign i f i can t l y fewer from mar igold than from tomato, 
and aborted giant cells and females were f requent ly observed in roots 
of mar igo ld . 
Dry Crop-Residues: 
Several p lant -par ts such as root and shoot are left into the 
f ie ld after harvest and ploughed; these addit ives after decomposition 
resulted in suppressing many p lan t -paras i t i c nematodes. Johnson 
(1959, 1962, 1963, 1971,, 1972) observed that every type of 
crop-residues were effective in suppressing p lan t -paras i t i c nematodes. 
I n a study 3ohnson £ l a_l.. (1967) demonstrated that when mature dr ied 
residues of lespedeza, a l f a l f a , oats and f lax were incorporated into 
soi l infested wi th Meloidogyne incogni ta , the incidence of root-knot of 
tomato (Lycopersicon esculentum) was s ign i f i can t l y suppressed. Similar 
observations have been reported by Mil ler and Wihrheim (1966) and 
Patr ick and Toussoum (1965). Mountain and E l l i o t t (1962) found 
effective control of Pratylenchus penetrans by ploughing rye straw into 
infested soi l under fal low dur ing summer, and this control was as 
effective as fumigation wi th DD mix tu re . Reduction in Tylenchulus 
semipenetrans by soi l amendment wi th cotton waste, lucerne pel lets, 
and lucerne has been reported by Mankau and Minteer (1962). Rice 
straw at 9.0 or 17.9 t /ha has been found to reduce populations of 
Belonolaimus longicaudatus and other p lan t -paras i t i c nematodes 
(Tomerlin and Smart, 1969). 
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Agro-industrial By-products: 
Oilcakes: Oilcakes are generally rich in manurial ingredients such as 
nitrogen, phosphorus and potash. Application of oilcakes into the soil 
takes about 1-2 weeks for deconnposition. They have been found rnore 
effective in moist soils than in dry soi ls . Oilcakes of castor (Ricinus 
communis L . ) , groundnut (Arachis hypogaea L.) , cottonseed (Gossypium 
herb ace urn L.), mustard (Brassica juncea (L.) Czern. &. Coss . ) , mahuva 
(Madhuca indica J .F . Gmel.), linseed (Linum usitatissimum L.) , sesame 
(Sesamum indicum L.) , neem (Azadirachta indica A. Juss . ) and karanj 
(Pongamia pinnata L.) have been extensively used for the control of a 
number of p lan t -paras i t i c nematodes, however, oilcakes of cotton, 
groundnut, mustard, sesame, linseed e t c . , being chiefly used as cat t le 
feed, may not be economical and feasible as soil amendment in 
nematode control. 
Lear (1959) has reported a significant reduction in root-knot 
nematode (Meloidogyne javanica) and sugar-beet nematode (Heteroder a 
schachti i) populations as well as root gal l ing of tomato when the soil 
was amended with castor pomace. In a similar treatment also, Mankau 
and Minteer (1962), and Mankau (1963) have found the reduction of 
ci t rus nematode (Tyienchulus semipene t rans) and root-knot nematode 
(M. j avan ica) . In India during the last two decades, a number of 
plant nematologists have carr ied out experiments on the efficacy of 
oilcakes for controlling nematodes on tomato (Lycopersicon esculentum 
Mil l . ) , eggplant (Solanum melongena L . ) , okra (Abelmoschus esculentus 
(L). Moench.)and chil l i (Capsicum annuum L.) (Singh, 1965; Singh and 
Si taramaiah, 1966, 1971a; Goswami and Swarup, 1971; Sr ivas tava et a l . , 
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1971; Alam et^ a_ .^, 1980a). Singh and Sltar amaiah (1966) claimed that 
the root-knot on tomatoes grown after okra , can be checked by 
residual effects of oilcakes in same field without further amendments. 
Similar results were also observed by Alam et^ a^. (1977b). Ismail 
et a l . (1976) reported that ail oilcakes tested were equally effective 
on different varieties of tomato agains t a number of p lan t -pa ras i t i c 
nematodes. Alam ^ a_L (1977b) pointed out that oilcakes of cas tor , 
mustard, neem, and groundnut and two nematicides, v iz . , DD and 
Nemagon were equally effective aga ins t the population of Hoplolaimus 
indicus, Tylenchorhynchus brass icae , Tylenchus filiformis and 
M. incognita on tomato, potato (Solanum tuberosum L.) and radish 
(Raphanus sat ivus L . ) . Alam (1976) showed in a comparative s tudy, 
that the oilcakes were equal ly effective in two different seasons of 
India , sumnner and winter, and also in two different soil types, one 
with high organic content and pH at S.k and another with low organic 
content and pH at 7.7. Khan et^ aj^. (1976a) and Alam ^ aj^. (1977a) 
reported that oilcakes were also effective for the control of 
p lan t -paras i t i c nematodes on perennial plants e . g . , grevia , papaya 
pomegranate, mango, blackberry, lemon, bougainvil laea and rose. In 
another study Alam (1990b) observed a similar effect of oilcakes on 
p lan t -pa ras i t i c nematodes in nurseries of many annual crops. 
Nematodes associated with cereals and legumes were reduced 
by oilcakes on mung and wheat (Prasad et_ £^. , 1972,Mishra and 
Prasad, 1974), on paddy (Mathur and Prasad, 1973) and on wheat 
(Sharma et^ a l , , 1981). 
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I t has been demonstrated that a combination of oilcakes and 
nematicide were more effective in reducing nematodes and increased 
p lant growth than either of them alone (Bhattachar ya and Goswami, 
1988). Sawdust in combination w i th oilcakes gave better reduct ion in 
nematode populat ion as wel l as better growth of plants (Kushwaha 
et a l . , 1983). However, Singh et^ a\_. (1986) reported that sawdust 
alone was more effective in reducing nematode populat ion but resulted 
in phyto tox lc i ty . 
The tox ic i ty of f i l t r a t e from the soi l amended wi th neem cake 
and castor cake to M. incognita increased upto 3 weeks of 
decomposition, where i t was maximum, then decreased by 6th week. 
Moreover, castor cake was more toxic at 'fth week than neem cake 
(Goswami and V i jay lakshmi , 1987). Several other studies have 
recognized the tox ic i ty of water soluble fract ions of oi led and deoiled 
cakes on di f ferent p lan t -paras i t i c nematodes (Khan et aj^., 1966, 
197'tb; Rao and Prasad, 1969; Deshmukh and Prasad, 1969; Si taramaiah 
et aj_., 197'f; P i l l a i ejt aJ . , 197'*; Bhatnagar ^t^ a^.. 1978; Alam 
et__al_., 1982; Husain et^  aj_., 198^). 
Singh _et^  ^1^ . (1980) and Vi jay lakshmi and Goswami (1986) have 
pointed out the eff icacy of oilcakes as seed dressing in reducing the 
intensi ty of root-knot. 
Sawdust: I t has l imi ted scope to be used as a manure but i t has been 
suggested for nematode cont ro l . Singh et_ ^ . (1967) and Singh and 
Sitaramaiah (1967, 1971a, b) appl ied sawdust in f ie ld planted wi th 
okra and eggplant , and Sr ivastava et^ a_L (1971) in tomato and 
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eggplant ; they observed signif icant reduction in the intensity of galls 
on those crops. Sinnilarly, several other studies have pointed out on 
the use of sawdust in nematode control (Miller and Edgington, 1962; 
Ducusin and Davide, 1972; Mishra and Prasad, 197'*; Bora and Phukan 
1983; Singh et_ a^., 1986, 1987). Besides diminishing the nematode 
populations, phytotoxic effects of sawdust have been identified by 
Singh et_ a h (1967). Conversely, sawdust were used with other 
combinations like oi lcakes, nematicides, sugar-cane bagasse , urea, 
and cowdung. Since it is deficient in nitrogen, it is not favoured as 
a soil amendment. Therefore, it has been suggested (Singh e_t a l . , 
1967) tha t it should be supplemented with nitrogenous fer t i l izers . 
Mian and Rodriguez-Kabana (1982) have claimed that 
nematode-control properties of soil amendments are directly related 
with N content or inversely related with C;N ra t io . But in case of 
sawdust it was noted by Alam (1976) that it is not the C:N rat io but 
the C content, or in other words the amount of sawdust has direct 
correlation with the extent of nematode control. However, in other 
report , Rodriguez-Kabana et_ aj_. (1987) expressed the opinion that the 
effectiveness of a given organic matter depends on its chemical 
composition and the types of microorganisms that develop during its 
decomposition. This view of Rodriguez-Kabana e^ aj_. (1987), in a 
way, fully supports the findings of Siddiqui and Alam (1990b) as the 
neem sawdust was more effective than mango sawdust at sanne C:N 
ra t ios . 
Cellulosic Waste: In paper industry large quantities of hemicellulosic 
wastes are generated following alkal ine and bisulfite treatments of 
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wood to release the cellulose. The hemicellulosic wastes are disposed 
off as an economic manure. Miller and Edgington (1962) reported 
effects of soil amendments with paper on meadow nematodes and 
subsequent VerticiIlium wilt of tomato. In a similar treatment, Miller 
£t^ a_l_. (1968) found reduced la rva l emergence as well as root invasion 
in eggplant by Heterodera tabacum. Huebner jet aj^. (1983) found 
tha t addition of chopped paper into soil reduced the populations of 
Pratylenchus penetrans. Culbreath e^ aL (1985) demonstrated that 
addition of llgno-hemicellulosic materials to soil amended with chitin 
can increase the effectiveness of chit in agains t nematodes and avoid 
some of the deleterious effects of chit in when applied at high levels 
(1.0% w/w). 
Sugar-cane Bagasse; When sugar-cane bagasse was applied at 
'fOOO kg/ha before planting tomatoes there was 22% reduction in root 
gal l ing, while 100-150 days after plant ing the reduction was 90% in 
the number of Meloldogyne spp . (Sikora et_ aj_., 1973). 
Rodr iguez-Kabana and King (1980) concluded that the application of 
mixtures of blackstrap molasses with urea resulted improved control of 
M. a rena r i a . 
Other Biological Wastes: 
Chitin: Most interesting among the nitrogenous amendments that 
stimulate a specialized soil-microflora are those containing a 
specialized chitin or similar mucopolysaccharides. The addition of 
chitin into soil results in the stimulation of a microflora capable of 
decomposing the polymer into chitobiose and N-acetyl-glucosamine 
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(Mi tchel l and Alexander, 1961; Muzzare l l i , 1977; Rodr iguez-Kabana 
et a l . , 1983). Chi t in amendments results in very sharp increase in 
chi t inase act iv i t ies associated wi th st imulat ion of the ch i t i n 
decomposing microf lora (Culbreath et^ aA^., 1985; Mian et^ j j _ . , 1982; 
Rodr iguez-Kabana £ l a_l_., 1983). Chi t in amendment to soi l has proved 
effective for control of p lan t -paras i t i c nematodes (Mankau and Oas, 
1969; Mian et^  aj_., 1982; Godoy e^ a]_., 1983b; Rodr iguez-Kabana 
ejt a^., 198'f). More important, w i th some exeptions, a re la t ionship has 
been demonstrated to ex is t between ch i t i no ly t i c ab i l i t y of fung i and 
their capaci ty to destroy nematode eggs (Godoy et^ a_l_., 1983b; 
Rodriguez-Kabana ^ aJ.., 198^). Several fungal species isolated from 
soi l treated wi th ch i t i n are able to decompose the polymer and are 
known colonizers of eggs of Meloidogyne spp . , or Heterodera glycines 
(Godoy et^ ah, 1983a). 
Effects of ch i t i n amendments on nematodes may last several 
months, suf f ic ient time must be allowed after addi t ion of amendments 
for populations of the special ized organism to develop to levels 
adequate for effective nematode cont ro l . I t is not unusual to obtain 
l i t t l e or no nematode control in crops soon after ch i t i n amendments 
are appl ied to so i l , whereas good control occurs in the second crop 
fo l lowing harvest of the f i r s t . This phenomenon was well establ ished 
in a recent study by Rodriguez-Kabana et_ a\_. (1987) on root-knot 
nematode M. arenar ia . 
Chi t in amendments were effect ive for control of M. incognita in 
tomato (Mankau and Das, 1969), reduction in incidence of Tylenchuius 
21 
s e m i p e n e t r a n s in o range (Mankau and Das , 197'*), and r e d u c t i o n 
in populations of Pratylenchus penetrans and Tylencherhynchus dubius 
on cucumber (Miller et^ aL, 1973), Heterodera glycines 
(Rodriguez-Kabana _et^  aL, 198'f) and Meloidogyne a renar ia (Mian, 
e t ^ . , 1982; Godoy et^  al_., 1983 b ) . 
As with other nitrogenous amendments, chitin amendments can 
be phytotoxic because of relat ively narrow C:N ratio (6:4) of the 
polymer, however, this problem can be eliminated with addit ional 
avai lable carbon (Culbreath et a l l . , 1985). There is also evidence 
that some of the phytotoxic effects caused by chitin amendments may 
be related to changes in soil pH (Rodriguez-Kabana, 1986). 
Bone Meal and Horn Meal: Bone meal is chiefly used as phosphatic 
feti l izer. Alam et_ aj_. (1977c) found that the population bui ld-up of 
Hoplolaimus indicus, Helicotylenchus indicus, Rotylenchulus reniformis, 
Tylenchorhynchus brass icae , Tylenchus flliformis and Meloidogyne 
incognita were effectively suppressed by the application of bone meal 
in 12 different crops . Similar results were also obtained by amending 
the soil with horn meal (Alam, 1989). 
Sewage-sludge: Besides the importance of sewage farming from the 
point of view of util ization of the resource, it has also been found to 
be an effective method of nematode control . Heald and Burton (1968) 
noted organic nitrogen in the form of activated sewage-sludge more 
effective than ammonium nitrate for reducing the population of 
Belonolaimus longicaudatus in turf g rass . Tarjan (1977) observed that 
when composted municipal refuse was added to soil , having seedlings 
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infected with T_. semipenetrans or £ coffeae, plant weight increased 
than non-supplemented controls . Thus this amendment proved highly 
nematicidal (Habicht, ' 1975; Saka, 1978; Derrico and Maio, 1980; 
Coomans, 1982; Hornick Qt_ aj_., 198'»; Al-Yahya ^ aj . , 1988; 
Duhalongsod, 1988). 
Livestock Waste: Farmyard manure (FYM) and cat t le urine have been 
found to reduce nematode population (Adeniji, 1977). In Ind ia , it 
has vast t radi t ional use by farmers in fields. Encouraging the use of 
FYM probably will not only have some check on nematodes but will 
also reduce the dependence on fer t i l izers . Use of animal manure for 
the control of Rotylenchulus reniformis on Vigna unguiculata and 
cotton has been reported by Castilo (1985). Kushwaha et^ ^ . (1983) 
reported that the reduction of root-knot on tomato with the use of 
cat t le urine is less than that obtained with urea. Bene and Taccont 
(1973) studied pig faeces' manure and horse manure in controlling 
D. dipsaci on beans. Mankau and Minteer (1962) observed that the 
steer manure and chicken manure reduced the ci t rus nematode 
Tylenchulus semipene t r a n s . Poultry manure has given significant 
reduction of M. incognita population on jute (Bora and Phukan, 1983) 
and tomato (Chindo and Khan, 1986) and also of other nematodes 
(Derrico and Maio, 1980). 
MIXED-CROPPING PRACTICE: 
Mixed-cropping, also sometimes termed as intercropping, is a 
form of multiple-cropping system where the mixtures of crops occupy 
the same place in space and time. It is well known that cropping 
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practice play a significantly crucial role in determining the 
population densities of p lan t -pa ras i t i c nematodes (Oteifa and Halim, 
1957; Oostenbrink, 1966; Yuen, 1966 ; Johnson et^  al . ' , 1972; Egunjobi, 
1971, 197^ ,^ 198^, 1985; Nusbaum and Ferr is , 1973; Davide and 
Casti l lo, 1981; Caveness, I3&k', Noe, 1986; Idowu and Fawole, 1989). 
Several evidences have been made to confirm that mixed-
cropping practices can depress nematode populations and reduce 
nematode damage on crops. Ogbuji (1976) and Olowe (1978) has 
observed that root-knot nematode problems to tomato and okra were 
usually more severe in mono-cropping system than in adjacent 
t radi t ional mixed-cropped cultures with yam (Dioscorea spp . ) and 
cassava (Manihot esculenta Crantz . ) in Nigeria. Awoyomi (1978) also 
recorded significantly fewer p lan t -pa ras i t i c nematodes from fields 
growing yams and maize (Zea mays L.) when compared with 
monocultures of maize. Egunjobi (198'*) observed that mixed-cropping 
of maize and grain legumes generally improved maize yield, with 
reduction in the population of Pratylenchus brachyurus . 
Recently Abid and Maqbool (1980) recorded lower root-knot 
index (RKI) from tomato plants grown in field alongwith African 
marigold (Tagates erecta L.) to those of plants grown alone. Yields 
were also improved by the mixed-cropping of Tagetes erecta is known 
to inhibi t many plant nematodes, including Meloldogyne spp. (Tyler, 
1938; Winoto, 1969; Alam £ l aj_., 1977d). Similar evidences in support 
of nematode control with intercropping include the findings of Siddiqui 
and Alam (1987a, b, 1988b). They reported that X' minuta, X* lucida 
and X* tenuifolia in mixed cu l ture , significantly inhibited the 
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root-knot development caused by Meloidogyne incognita on tomato and 
eggplant and reduced the mu l t ip l i ca t ion of Rotylenchulus reniformis 
and Tylenchorhynchus brassicae on tomato, eggplant , cabbage and 
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cau l i f lower . The growth of test plants also improved. 
Alam et_ aL (1976) demonstrated that mixed-cropping of 
mustard and rocket-salad wi th wheat and barley inh ib i ted the 
populat ion bu i ld -up of p lan t -pa ras i t i c nematodes but these oi lcrops 
did not improve the y ie ld of wheat and bar ley . 
The effects of mixed-cropping pract ice on the nematode 
• populat ion densities and on crop y ie ld responses tend to suggest that 
the mixed-cropping practice has potentials for crop nematode 
management. There are some addi t iona l advantages in the use of mixed-
cropping system in nematode cont ro l . According to Agboola and Fayemi 
(1971), Ogunflowora and Norman (1973), Nwosa (1981), Trenbath 
(1986), resource eff ic iency is higher for crop mixtures than for sole 
crops. Anthony and Wil l imot (1957), Evans (1960) and Grimes (1962) 
also suggest that mixed-cropping results in bettter cash returns per 
un i t area of land than for sole c ropp ing . F in lay (197^^), Anon. 
(1974) and Edje (1979) s im i la r l y provided other evidences to confirm 
th i s . Most interest ing fact is that mixed-cropping serve as insurance 
against tota l crop loss due to pest epidemics selective for crop 
species. Conclusively, mixed-cropping system, i f better understood, 
may wel l provide one of the most economically feasible nematode 
management options that is consistent w i th peasant farmers in the 
t h i r d wor ld . 
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PLAN OF WORK 
Evidently, a great deal of work has been carr ied out on the 
use of organic soil-amendments par t icular ly with oi lcakes. So far not 
much information is avai lable regarding soil amendment with 
agrowastes of some crops, even though these crops are known to be 
antagonist ic to nematodes. Moreover, l i t t le attention has been paid to 
the intercropping of such crops . Hence the effect of organic 
amendments as such and in combination with intercropping of the 
antagonist ic crops has been investigated in the present s tudy. With a 
view to evolve cost-effective nematode control technologies, a novel 
method of nematode control has been worked out using a commercial 
product of neem Azadirachta indica marketed by Godrej Soaps Ltd. by 
the trade name 'Nimin' as a urea coating agent . Similar studies were 
also undertaken using oils of neem, castor , mustard and rocket -sa lad . 
Systemic activity of oilcakes and leaves of neem and castor as 
bare-root dip treatment agains t nematode was also invest igated. This 
again proved to be highly cost-effective treatment agains t the 
nematode. The detailed programme of the study is as follows: 
A. Integrated nematode control with organic amendment/nematicide and 
intercropping: 
!• Effect of soil amendment with oilcakes and leaves of neem and 
castor and carbofuran, and intercropping of kasni/chicory 
(Cichor ium intybus) with ber seem/Egyptian clover rTrifolium 
alexandrinum) and r izka / lucerne , alfalfa (Medicago sa t iva) on 
the population of p lan t -paras i t i c nematodes and yield of the 
fodder crops in field. 
2. Residual effect of different treatments of the preceding 
experiment (No. 1) on the population of plant-parasitic 
nematodes and plant growth of okra (Abelmoschus esculentus) 
cv. Pusa Sawanl In field. 
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3. Effect of soil amendment with oilcakes and leaves of neem and 
castor and carbofuran, and intercropping of mustard (Brassica 
juncea) cv . Local with potato (Solanum tuberosurnl cv . 
Kufri-Chandramukhi on the population of p lan t -pa ras i t i c nematodes 
and crop yield in field. 
k. Residual effect of different treatments of the preceding experiment 
(NJo. 3) on the population of p lan t -paras i t i c nematodes and plant 
growth of okra (Abelmoschus esculentus) cv . Pusa Sawani in field. 
5. Effect of soil amendment with oilcakes and leaves of neem and 
castor and carbofuran, and intercropping of rocket-salad (Eruca 
sa t iva) cv . Local with potato (Solanum tuberosum) cv. 
Kufri-Chandramukhi on population of p lan t -pa ras i t i c nematodes and 
crop yield in field. 
6. Residual effect of different treatments of the preceding experiment 
(NJo. 5) on the population of p lan t -pa ras i t i c nematodes and plant 
growth of okra (Abelmoschus esculentus) cv . Pusa Sawani in field. 
B. Nematode control with organic amendment: 
7. Effect of soil amendment with chopped plant leaves (fresh) on the 
population of p lan t -pa ras i t i c nematodes and plant growth of tomato 
(Lycopersicon esculentum) cv. Pusa Ruby and chi l l i (Capsicum 
annuum) cv. Pusa Jawala . 
8. Effect of soil amendment with chopped plant leaves (fresh) on 
root-knot development caused by Meloidogyne incognita (Kofoid <5c 
White) Chitwood and plant growth of tomato cv. Pusa Ruby and 
chi l l i cv . Pusa Jawala . 
9. Effect of soil amendment with fallen leaves on the population of 
p lan t -paras i t i c nematodes and plant growth of tomato cv. Pusa 
Ruby and chi l l i cv . Pusa Jawala. 
10. Effect of soil amendment with fallen leaves on root-knot 
development caused by M. incognita and plant growth of tomato 
cv. Pusa Ruby and chi l l i cv . Pusa Jawala . 
11. Effect of soil amendment with dry crop residues on the population 
of p lan t -paras i t i c nematodes and plant growth of tomato cv. Pusa 
Ruby and chi l l i cv . Pusa Jawala . 
12. Effect of soil amendment with dry crop residues on root-knot 
development caused by M. incognita and plant growth of tomato 
cv. Pusa Ruby and chi l l i cv. Pusa Jawala. 
13. Effect of soil amendment with urea coated with 'Nimin' (a 
tr i terpene rich neem product) and oils of neem, cas tor , mustard 
and rocket-salad on the population of p lan t -pa ras i t i c nematodes 
and plant growth of tomato cv. Pusa Ruby and chi l l i cv . Pusa 
Jawala. 
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1^. Effect of soil amendment with urea coated with 'Nimin' and oils 
of neem, cas tor , mustard and rocket-salad on root-knot 
development caused by M. incognita and plant growth of tomato 
cv. Pusa Ruby and chi l l i cv . Pusa 3awala. 
C. Nematode control with bare-root dip treatment: 
15. Effect of bare-root dip treatment with oilcake and leaf extracts of 
castor on root-knot development caused by M. incognita and plant 
growth of tomato cv. Pusa Ruby and chi l l i cv . Pusa Jawala . 
16. Effect of bare-root dip treatment with oilcake and leaf extracts of 
neem on root-knot development caused by M. incognita and plant 
growth of tomato cv . Pusa Ruby and chi l l i cv . Pusa Jawala . 
D. Antinemic action of oilcake/leaf extracts and root-exudates: 
17. Effect of water extracts of plant leaves on the mortality of some 
p lan t -paras i t i c nematodes, v iz . , M. incognita, Rotylenchulus 
reniformis, Tylenchorhynchus brass icae, Hoplolaimus indicus, 
Helicotyienchus indicus and Tylenchus fiiiformis and hatching of 
M. incognita in vitro. 
18. Effect of water soluble fractions of undecomposed and decomposed 
oilcakes of neem and castor on the mortality and hatching of 
M. incognita in vitro. 
19. Effect of root-exuda'tes of mustard and rocket-salad on the 
mortality of some p lan t -pa ras i t i c nematodes, v iz . , M. incognita, 
R^ . reniformis, T^ . brass icae , Hoplolaimus indicus, Helicotyienchus 
indicus and X- fiiiformis; and hatching of M. incognita in vitro. 
mm'wsmmi.m 
mmm 
ms'wm®mm 
3. MATERIALS AM) METHODS 
3.1 Maintenance of Nematode Culture: 
A single eggmass of root-knot nematode was collected from the 
infected roots of tomato and placed on a small course sieve (1 mm 
pore size) l ined wi th tissue paper and placed in 10 cm diam. 
petr id ish conta in ing ster i l ized water. The second stage juveniles 
which were hatched out, were collected alongwith water from the 
.petr id ish. This process was repeated for several days. These second 
stage juveniles (3_) of root-knot nematode served as the i n i t i a l 
inoculum to the seedlings of tomato (Lycopersicon esculentum M i l l . ) 
cv.Pusa Ruby grown in concrete pots conta in ing ster i l ized soi l-manure 
mix ture . The nematode species was ascerted by close examinat ion of 
per ineal pattern of the female from the f i r s t eggmass col lected. I t 
was confirmed by simi lar examination of randomly collected females 
from the inoculum raised as above. 
3.2 Nematode Control with Chopped Plant Leaf (Pot Study): 
Sandy loam so i l , which is commonly found in A l i g a r h , was 
collected from a fe r t i le f ie ld and passed through course sieve 
(1 mm pore size) for removing stones and debr is , etc. Fifteen cm 
clay pots were f i l l ed wi th 1 kg of autoclaved so i l . However, for 
ra i s ing seedl ings, big pots (30 cm diam.) were f i l l ed wi th autoclaved 
soi l-manure mixture (compost (9 Ig N/kg so i l ) . For eva luat ing the 
eff icacy of organic amendments chopped leaves of neem/ margosa 
(Azadirachta indica A. 3uss.) , madar (Calotropis procera R. B r . ) , 
kunhen (Clerodendr um inerme L. (Gaer tn . ) , eucalyptus (Eucalyptus 
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c i t r iodora L. Her i t ) , lantana (Lantana indica Roxb. ) , baka in /Pers ian-
i i lac (Mella azedarach L . ) , caster (Ricinus communis L.) and white 
cedar (Thuja or ienta l is L.) were added to 15 cm pots (g 50 and 100 g 
and were thoroughly mixed wi th the so i l . Each treatment inc lud ing 
the control was repl icated f ive times. The pots were watered for 
f a c i l i t a t i n g proper decomposition of the add i t i ves . After a wa i t ing 
period of 2 weeks, 3-week-old seedlings of tomato (Lycopersicon 
esculentum M i l l . ) cv . Pusa Ruby or c h i l l i Capsicum annuum L.) cv . 
Pusa 3awala were t ransplanted s ingly into each pot. These plants 
were then inoculated wi th 5000 f reshly hatched second stage juveniles 
of the root-knot nematode Meloidogyne incognita (Kofoid &: White) 
Chitwood. 
F ina l data were obtained 2? months after treatment. The 
plants were care fu l l y uprooted and the roots washed thoroughly and 
gently in runn ing water. Fresh weight (g) and length (cm) of shoots 
and roots were determined separate ly . Before tak ing the weight, the 
shoots and roots were put in between b lo t t ing sheets to remove excess 
amount of water. The degree of root-knot infect ion caused by 
root-knot nematode was assessed according to the ra t ing-sca le of 
Taylor and Sasser (Sasser £t^ a_l_., 198^^ ) as under; 
Root-knot index Number of galls per 
(RKI) root system 
0 0 
1 1-2 
2 3-10 
3 11-30 
It 31-100 
5 > 100 
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A similar experiment was also done to evaluate the efficacy of 
above treatments agains t the general population of p lan t -paras i t i c 
nematodes. Clay pots (15 cm diam.) were filled with freshly obtained 
natura l ly infested field soil and treated with chopped plant leaves in 
the same manner as described above. The pot soil was watered for 
ensur ing proper decomposition of the addi t ives . Three-week-old 
seedlings of tomato cv. Pusa Ruby and chi l l i cv . Pusa Jawala were 
t ransplanted singly to pots two weeks after treatment. 
Final data were obtained 2{ months after treatments as above. 
Population of the nematodes in the pot soil was determined prior to 
application of chopped plant parts as well as at the time of 
termination of the experiment, using Qjbb 's sieving and decanting and 
modified Baermann's funnel techniques (Southey, 1986). The soil 
adhering to plant roots was also washed into the bucket prior to soil 
processing. The nematodes were counted with the help of counting 
dish (Doncaster, 1962). 
3.3 Nematode Control with Dry Plant Residues (Pot study): 
Plant residues consisting, of shoot parts of mustard (Brassica 
juncea (L.) Czern. et_ Coss . ) , sunflower (Helianthus annuus L.) and 
marigold (Tagetes erecta L.) and fallen leaves of neem/marROsa 
(Azadirachta indica A. J u s s . ) , bakain /Pers ian lilac (Me 1 ia azedarach 
L.) and castor (Ricinus communis L.) were oven dried at 60''C, ground 
to powder and then incorporated into 15 cm clay pots containing 1 kg 
autoclaved soil (as in 3.2) (§ 25, 50 and 100 g/kg soil . Untreated 
pots served as control. There were five replicates for each treatment 
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i nc lud ing the cont ro l . The pots were regu la r l y watered for ensur ing 
proper decomposition of the addit ives and after 2 weeks, 3-week-old 
seedlings of tomato cv . Pusa Ruby or c h i l l i cv . Pusa Jawala raised 
in s ter i l ized soil-manure mix tu re , were t ransplanted at 1 seedling per 
pot. The plants were then inoculated wi th 5000 freshly hatched 
second stage juveniles of the root-knot nematode Meloidogyne incogni ta . 
F ina l data wi th respect to p lant growth and root-knot index were 
determined in the same manner as described in 3.2. 
A sim.ilar experiment was also conducted to determine the 
eff icacy of the above treatments against the general populat ion of 
p lan t -paras i t i c nematodes fo l lowing the same procedure as described in 
3.2. 
3.It Nematode Control with *Nimln' (Pot Study): 
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For eva lua t ing the eff icacy of 'N imin ' (a t r i terpene r i ch neem 
product of Godrej Soaps L imi ted, Ind ia ) as urea coat ing agent ( 1 , 2 
or 3g of 'N imin ' mixed wi th lOOg urea) against root-knot nematode 
M. incogni ta , pots were f i l l ed w i th soi l and incorporated with urea 
(@ Ig N/pot) coated with, d i f ferent amounts of ' N i m i n ' . Three-week-
old seedlings of tomato c v . Pusa Ruby and c h i l l i cv . Pusa Jawala, 
raised in autoclaved so i l , were t ransplanted s ing ly to these pots and 
then inoculated wi th f reshly hatched 5000 J- of M. incogni ta. There 
were f ive replicates for each treatment inc lud ing control (uncoated 
urea) . F ina l data inc lud ing fresh weight and length of shoot and 
root, and root-knot development were determined as per procedure 
described in 3.2. 
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3.5 Integrated Nematode Control with Organic Annendment/Nematicide 
and Intercropping (Field Study): 
The aim of the study is to evaluate the efficacy of organic 
amendment/nematicide and intercropping singly as well as in 
combination agains t p lan t -paras i t i c nematodes in field. The test 
crops were grown in the following combinations. 
Exp. 1: Rizka/iucerne, alfalfa (Medicago sa t iva L.) + 
Kasni/chicory (Cichorium intybus L.) 
Exp. 2: Berseem/Egyptian clover (Tr ifolium aiexandr inum L.) + 
Kasni/chicory (Cichorium intybus L.) 
Exp. 3: Potato (Solanum tuberosum L.) + 
Mustard (Brassica juncea (L.) Czern.et Coss.) 
Exp. *: Potato (Solanum tuberosum L.) + 
Rocket-salad (Eruca sa t iva L.) 
A field was selected harbouring moderately high population of 
p lan t -pa ras i t i c nematodes, v iz . , lance nematode Hoplolaimus indicus 
Sher, sp i ra l nematode Helicotylenchus indicus Siddiqi , filiform 
nematode Tylenchus filiformis Butschli, stunt nematode 
Ty le nc hor h y nc h us brassicae Siddiqi, reniform nematode Rotylenchulus 
reniformis Linford &. Oliveira, root-knot nematode Meloidogyne 
incognita (Kofoid & White) Chitwood, and needle nematode Longidorus 
elongatus (deMan) Thorne et_ Swanger. The field was thoroughly 
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ploughed and divided into beds measuring 10m . Different beds 
received the following treatments which were replicated three 
times. 
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i) Untreated (control) 
ii) Inorganic fer t i l izers* 
iii) Nematiclde (carbofuran)** + inorganic fer t i l izers* 
iv) Chopped leaves of castor*** 
v) Chopped leaves of neem*** 
vi) Oilcake of castor*** 
vii) Oilcake of neem*** 
After treatment, the beds were watered for faci l i ta t ing proper 
decomposition of the addi t ives , and two weeks later the test crops 
were sown singly or in different combinations (as stated above). For 
the experiment pertaining to intercropping of potato with mustard and 
rocket-sa lad, the crops were sown in al ternate rows while in case of 
the fodder crops the seeds were uniformly mixed before sowing by 
broadcast method. 
For the experiments 3 and l^ total yield of each crop was 
determined after 3 months at maturity of crops . Population of 
p lan t -paras i t i c nematodes were assessed prior to sowing as well as at 
termination of experiment following Cobb's sieving & decanting and 
Baermann's funnel teachniques (Southey, 1986). While for the 
experiments 1 and 2, the fodder was harvested 3 times by cutt ing the 
plants at 5 cm above field level and total forage yield determined 
* Inorganic fer t i l izers: Urea @ UOkg N/ha, super phosphate 55 kg 
P/ha , and murate of potash 5^ kg K/ha. 
• ** Carbofuran/Furadan 3% (2,3-dihydro-2,2 dimethyl-7-benzofuranyl 
methyl carbamate) @ 5 kg a . i . / h a . 
*** Oilcakes and leaves of "neem and castor (d 110 kg N/ha. 
3^  
each time. First cut was made 60 days after sowing, while the 
subsequent cuts were made at the intervals of i*0 days . The population 
of plant'parasitic nematodes was determined prior to sowing as well 
as after each cut of forage. 
Residual effect of different treatments: 
In all the above experiments, the different beds were 
maintained as such and were thoroughly prepared for the next growing 
season. Seeds of okra (Abelmoschus esculentus Moench.) cv, Pusa 
Sawani were sown without giving any treatment to the beds. Final 
data including nematode population and plant growth were determined 
as in 3.2. Nematode populations were assessed prior to sowing and at 
the time of termination of the experiment (3 months). 
3.6 Bare-root dip in Water Soluble Fractions of Oilcakes and 
Leaf Extracts (Pbt Study): 
For obtaining water soluble fractions (WSF) of oilcakes of 
neem and cas tor , 25g oil cake powder in 100 ml distil led water was 
decomposed in a beaker for 15 days at 20jj;^ 2°C. The WSF were 
obtained by f i l terat ion. An undecomposed WSF was also prepared by 
soaking oilcakes in water for only one hour. These WSF were termed 
as s tandard ' S ' . Further di lut ions, viz. S/2 and S/10 were prepared 
by adding appropriate quantit ies of distil led water to ' S ' . Leaf 
extracts were prepared by macerating 25g of chopped leaves soaked in 
100 ml disti l led water . This was later filtered and termed as 'S ' 
from which S/2 and S/10 dilutions were prepared as above. 
Roots of three-week-old seedlings of tomato cv. Pusa Ruby and 
chil l i cv . Pusa Jawala, raised in 15 cm clay pots containing 
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Roots of three-week-old seedlings of tomato cv. Pusa Ruby and 
chil l i cv. Pusa Jawala, raised in 15 cm clay pots containing 
autoclaved soil, were dipped for 30 minutes in S, S/2 and S/10 
concentrations of above water soluble fractions (WSF). 
Both un-infected* as well as pre-infected** seedlings of tomato 
and ch i l l i , when three-week-old, were given bare-root dip treatment 
(for 30 minutes) in different dilutions of WSF and were t ransplanted 
singly to each pot (15 cm diam.) containing 1kg autoclaved soil . In 
case of th? former (un-infected ones) the seedlings were inoculated 
with M. incognita at 1000 32 per p lan t . 
Stat is t ical Analysis: 
Stat is t ical analysis of the data of Exps. 3.2-3.6 for cr i t ica l 
difference ( C D . ) at P^=0.05 and ^=0.01 were done as per procedure 
described by Panse and Sukhatme (1978). 
3.7 Antinemic Action of Oilcake and Leaf Extracts and Root-Exudates: 
Fresh leaves of Azadirachta i n d ic a A. Jus s . , Calotropis 
procera R.Br. , Clerodendrum inerme L. Gaer tn . , Eucalyptus ci tr iodora 
L. Merit., Lantana indlca Roxb., MeUa aasedarach I., Ricinus communis 
L. and Thuja oriental is L., were washed in running water, Twenty 
five g of above samples in 100 ml of distilled water were macerated 
* Un-infected seedlings were raised in pot containing 1kg autoclaved 
soil . 
** One-week-old seedlings raised in autoclaved soil (as above) were 
t ransplanted to 5 cm diam. clay pots singly and inoculated with 
1000 freshly hatched second stage juveniles of M. incognita and two 
week later these seedlings were used for root dip treatment. 
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separately in waring blender and were centrifuged and fi l tered. The 
extracts so obtained were a rb i t r a r i l y termed as s tandard ' 5 ' . The 
extracts were diluted to S/2, S/10 and S/100 with distil led water . 
Approximately 100 freshly hatched second stage juveniles or hand 
picked specimens (Khan et^ a^., 1972) of ectopar asit ic nematodes were 
transferred separately to 40 mm diam. petridishes containing 10 ml of 
the various dilutions of water ex t rac t s , according to the method of 
Alam (1985). Petridishes containing steril ized water served as control. 
Each treatment was replicated three times. Immobilized nematodes were 
counted after 12, 24 and 48h. The mean percentage of mortality was 
ca lcula ted . Mortality of nematodes was assessed after the juveniles 
were transferred to plain water . 
For hatching experiments, five eggmasses of root-knot nematode 
M. incognita of almost equal size were transferred separately into 
40 mm petridishes containing 10 ml of the above test ex t rac t s . The 
numbers of hatched juveniles were counted after 5 days . Each 
treatment, including control, was replicated three times. 
Water soluble fractions (WSF) of decomposed and undecomposed 
oilcakes of neem and castor were prepared in the same manner as in 
3.5, and their antinemic activity was assessed as above. 
The s tandard solutions ' S ' of root-exudates were prepared by 
dipping root systems of 20, four-week-old plants of mustard or 
rocket-salad in 100 ml distil led water for 7 days . Thereafter the 
plants were taken out and the remaining water was made up to 100 ml 
by adding distil led water . Several dilutions, v iz . , S/2, S/10 and 
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S/100 were prepared from these s tandard solutions. For mortality and 
hatching experiments, separate suspensions (5 ml each) for different 
nematodes were tested in same manner as described above. 
smmmmmamwmiL 
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*. EXPERIMENTAL RESULTS 
4.1 Integrated Nematode Control with Organic Amendment/Nematicide and 
Intercropping: 
The efficacy of oilcakes and leaves of neem and castor , a 
nematicide carbofuran and intercropping with antagonist ic crops in 
different combinations was evaluated agains t natural ly occurring 
population of p lan t -paras i t i c nematodes in field. 
*.1.1 Intercropping of kasni/chicory with berseem/Egyptian clover and 
rizka/lucerne, alfalfa in field: 
Berseem/Egyptian clover (Trifolium alexandrinum), r izka/ 
lucerne, alfalfa (Medicago sa t iva) and kasni/chicory (Cichorium 
intybus) are three major fodder crops for dairy animals. It is well 
known that p lan t -paras i t i c nematodes adversely affect the todder 
production of r izka and berseem, however, on the other hand a 
preliminary survey revealed that field having kasni consistently 
harboured low populations of p lan t -paras i t i c nematodes. Therefore, it 
was considered desirable to explore scientific explanat ion of the age 
old practice of intercropping kasni with the other two important fodder 
crops. 
Berseem/Egyptian clover (Trifolium alexandrinum); 
In untreated beds Helicotylenchus indlcus, Rotylenchulus 
reniformis and Meloidogyne incognita multiplied freely, indicating tha t 
berseem is a good-host for these nematodes, whereas Tylenchorhynchus 
brassicae and Hoplolaimus indlcus sl ightly improved their populations 
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but Tylenchus filiformis did not support the crop. Populations of 
different nematodes gradual ly increased with the successive cuts but 
appreciable improvement in the population of nematodes was recorded 
only in Helicotylenchus indicus and M. incognita and to some extent in 
case of Rotylenchulus reniformis (Fig. 1). The application of different 
treatments brought about s ignif icant reduction in p lan t -pa ras i t i c 
nematodes, highest be ing ' in carbofuran and neem cake . It was 
interest ing to note that nematode populations declined gradual ly in the 
treated beds with the successive cuts of the crop. At termination of 
the experiment ( third cu t ) , there was much reduction in nematode 
populations in beds treated with neem cake (712/250 g soil) followed 
by carbofuran (776), castor cake (808), neem leaf (927) and castor 
leaf (1009), from the ini t ia l level of l(f20/250 g soil to 1977 in 
untreated and 1133 in inorganic ferti l izers treated beds. (Table 1, 
Fig. 2 ) . 
As a resul t of reduction in nematode population due to 
different treatments the fodder yield improved but to varying extent in 
different cu t s . Highest fodder yield was recorded in neem cake 
treatment followed by carbofuran, castor cake, neem leaf and castor 
leaf. The corresponding yields in the above treatments were 300, 290, 
2^0, 220 and 195 q/ha in the first cut , 320, 270, 285, 260 and 210 
q/ha in the second cut , and 310, 218, 275, 230 and 202 q/ha in the 
third cut respectively (Table 1, Fig. 2) . 
Rizka/lucerne, alfalfa (Medicago sat iva); 
Rizka appeared to be a good-host for Meloidogyne incognita 
and Hoplolaimus indicus because these nematodes multiplied frequently 
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on this crop, whereas it can be regarded a poor-host for 
Helicotylenchus indicus and Rotylenchulus reniformis and a non-host for 
Tyienchus filifornnis and Tyienchorhynchus brassicae on the basis of 
their multiplication (Fig. 1). 
Among different treatments, carbofuran was found to be highly 
effective in reducing the nematode population followed by neem cake, 
castor cake , neem leaf and castor leaf at the first cut where the 
population were 837, 922, 102'f, U U and 1177 nematodes/250 g soil 
respectively; it was further decreased in second cut and after third 
cut the corresponding figures were 6*'f, 763, 90*, 917 and 102^ * r e s p e c t -
ively. From the ini t ial level of U20/250gsoil the nematode population 
increased to 1855 in untreated beds and 136* in inorganic ferti l izers 
treated bed at the termination of the experiment (Table 2, Fig. 2) . 
Inorganic ferti l izers exhibited some degree of nematode suppression but 
population levels gradual ly increased in three successive cu t s . 
Fodder yield enhanced in all the treatments due to reductions 
in nematode populations. Neem cake treatment was found to be most 
beneficial for fodder yield, followed by castor cake , neem leaf, 
carbofuran and castor leaf. The corresponding yields in the above 
treatments were: 382, 352, 3*1, 327 and 299 q/ha in the f irs t cut , 381, 
301, 31*, 2*7 and 252 q/ha in the second cut , and 36*, 300, 30*, 205 
and 2*1 q/ha in the third cut respectively (Table 2, Fig. 2) . 
Kasni/chicory (dehoriurn intybus); 
The population levels of all the nematodes declined on kasni in 
the untreated beds ( F i g . ' 1). Further stress in suppressing the 
nematode populations was observed when beds were treated with 
organic amendments and the nematicide. 
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The appl icat ion of oilcakes and leaves of neenn and castor and 
carbofuran brought about s ign i f i can t reduction in the populations of 
p lan t -paras i t i c nematodes. Maximum reduction was found in beds 
treated w i th neem cake followed by carbo fu ran , castor cake, neem leaf 
and castor leaf, highest being in neem cake (6^'>/250 g soi l ) followed 
by carbofuran (690), castor cake (808), neem leaf (82^*) and castor 
leaf (936) at the terminat ion of the experiment i . e . , t h i r d cut 
(Table 3, F ig . 2 ) . 
The corresponding yields in the above treatments were 379, 
322, 317, 313 and 287 q/ha in the f i r s t cu t , 3'>8, 3 U , 30't, 299 and 287 
q/h in the second cu t , and 317, 255, 300, 288 and 257 in the t h i r d cut 
respectively (Table 3, F i g . 2 ) . 
Berseem/Egyptian clover and Kasni/chicory as mixed-crops: 
In the present experiment the nematode suppressant effects of 
kasni were examined when this crop was grown wi th berseem as 
mixed-crop. In untreated cont ro l , there was some reduction in the 
population of p lant -pBras i t ic nematodes due to kasni . Further stress 
on nematode population was brought about by the appl icat ion of 
d i f ferent o i lcakes, leaves and carbofuran (Table i^, F ig . 2 ) . 
In the untreated beds after the terminat ion of experiment the 
populat ion of p lan t -paras i t i c nematodes decreased from the i n i t i a l level 
of 1420/250 g soi l to 1147 (after t h i r d cu t ) j i t was 1229/250 g soi l in 
beds treated wi th i no rgan ic ' f e r t i l i ze rs whereas other treatments Drought 
about greater reduction in the populat ion of nematodes, highest Deing 
in neem cake (632/250 g so i l ) . I t was followed by castor cake (667), 
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neem leaf (Z^'t), carbofuran {7^3) and castor leaf (817). 
Mixed fodder yield of berseem and kasni greatly improved in 
all the treatments compared with untreated control. In the treated 
beds, highest increase in fodder yield was observed in those receiving 
neem cake (yield = 382 q/ha) followed by carbofuran (329 q /ha ) , 
castor cake (321 q /ha ) , neem leaf (290 q/ha) and castor leaf (207 
q/ha) compared with 122 q/ha in untreated control and 200 q/ha in 
beds treated with inorganic ferti l izers at termination of the experiment 
( i . e . 3rd cu t ) . Similar trend was also noted for the first and second 
cuts (Table k, Fig. 2) . 
Rizka/lucerne, alfalfa and Kasni/chicory as mixed-crops: 
Antagonistic effects of kasni to the nematodes were observed 
when it was grown singly even without any treatment. In the present 
experiment the effects of kasni as mixed crop with rizka were studied. 
Increase in the population of p lan t -paras i t i c nematodes on rizka was 
significantly arrested when kasni was grown as mixed-crop along with 
r izka . There was further suppression in the population of plant-
paras i t ic nematodes when soil was also treated with oil cakes and 
leaves of neem and castor and carbofuran (Table 5, Fig. 2) . 
At the termination of experiment ( third cut) the total 
population of nematodes reduced significantly from the init ial level of 
M20/250 g soil to 1217 in untreated beds and 1018 in inorganic 
fertil izers treated beds, however, other treatments brought about great 
reduction in nematode populations, maximum being in neem cake 
(581/250 g soil) followed by carbofuran (622), castor cake (688), neem 
leaf (725) and castor leaf (822). 
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The beneficial effects of various treatments, as evident in 
decreasing in nematode population, were also observed in the form of 
the improvement of fodder yield. The highest increase in fodder yield 
was found in those beds receiving neem cake (382 q/ha) followed by 
carbofuran (380 q /ha ) , castor cake (371 q /ha ) , neem leaf (308 q/ha) 
and castor leaf (300 q/ha) compared with 122 q/ha in untreated 
control and 195 q/ha in beds treated with inorganic fertil izers at 
termination of the experiment i .e . at the 3rd cut of the crops 
(Table 5, Fig. 2 ) . 
*.1.2 Residual effect of different treatments of the experiment * .1 .1 : 
The present experiment deals with the residual effect of 
different treatments given to the preceding crops, v iz . , berseem, 
r izka , kasni , kasni-t-berseem and kasni+r izka, in the following growing 
season when okra was grown in the same beds without giving further 
treatment. There was an increase in nematode populations in oeds 
which received no treatment or inorganic fertil izers for the preceding 
crop. However, nematode populations in beds treated with organic 
amendments/nematicide was more or less same to ini t ia l populations of 
preceding crops but to varying extent relat ive to different preceding 
crops . Neem cake proved to be the most effective in reducing the 
nematode populations as a result of its redidual effect in the 
subsequent okra crop (Table 6) followed by carbofuran, castor cake, 
neem leaf and castor leaf. 
The nematode populations ranged between 976-1205/250 g soil in 
beds treated with organic amendments/nematicide for the preceding 
*9 
TABLE 6. Residual effect of oilcakes and leaves of neem and castor, and a nematicide on the population of 
plant-parasitic nematodes, and plant growth of okra cv . Pusa Sawani in field. 
P r e c e d i n g 
Crop 
Berseem/ • 
E g y p t i a n 
c l o v e r 
R i z k a / 
iucer nCf 
a l f a l f a 
K a s n i / 
C h i c o r y 
Berseem 
+ 
K a s n i 
R i z k a 
+ 
K a s n i 
E a c h v a l u e 
Hop = Hoplo l 
U n t r e a t e d 
I n o r g . f e r t . 
Neem c a k e 
Castor c a k e 
Neem l e a f 
Castor lea f 
C a r b o f u r a n 
C . D . ( P = C 
C . D . ( F . C 
U n t r e a t e d 
I n o r g . f e r t . 
Neem c a k e 
Castor c a k e 
Neem l e a f 
Castor l e a f 
C a r b o f u r a n 
1 
Hop 
410 
240 
215 
230 
244 
251 
212 
1.05) 
i .O I ) 
440 
285 
199 
210 
222 
242 
195 
C . D . ( P « O . O J ) 
C . D . ( P . O 
U n t r e a t e d 
I n o r g . f e r t . 
Neem c a k e 
Castor c a k e 
Neem l e a f 
Castor l e a f 
C a r b o f u r a n 
. 0 1 ) 
277 
248 
155 
160 
169 
177 
156 
C . D . ( P = 0 . 0 5 ) 
C . D . ( £ = 0 . 0 1 ) 
U n t r e a t e d 
I n o r g . f e r t . 
Neem c a k e 
Castor c a k e 
Neem l e a f 
Castor l e a f 
C a r b o f u r a n 
285 
180 
183 
190 
195 
205 
185 
C . D . ( P = 0 . 0 5 ) 
C . D . ( P = O . O I ) 
U n t r e a t e d 
I n o r g . f e r t . 
Neem c a k e 
Castor c a k e 
Neem l e a f 
Castor l e a f 
C a r b o f u r a n 
275 
199 
144 
190 
210 
241 
155 
C . D . ( P = 0 . 0 5 ) 
C . D . ( P = O . O I ) 
is a mean of t h r e e r e p 
Nematode p o p u l a t i o n / 2 5 0 
Hel 
390 
195 
170 
185 
191 
210 
181 
370 
195 
177 
182 
189 
210 
185 
292 
182 
149 
153 
165 
175 
150 
288 
243 
155 
160 
176 
185 
159 
278 
254 
148 
162 
183 
193 
152 
l i c a t e s 
a imus i n d i c u s , Hel = H e l i c o t v 
Rot - R o t y l e n c h u l u s r e n i f o r m i s , Mel =: Mel< 
T y l 
224 
180 
48 
32 
57 
63 
51 
194 
104 
49 
52 
61 
67 
53 
81 
67 
38 
39 
41 
48 
37 
140 
95 
39 
40 
44 
49 
52 
138 
111 
48 
49 
53 
58 
51 
T r h 
433 
214 
142 
164 
181 
210 
150 
313 
286 
159 
169 
173 
195 
163 
295 
170 
149 
157 
167 
189 
148 
290 
242 
160 
166 
172 
181 
165 
295 
2A9 
153 
164 
177 
189 
160 
Rot 
421 
197 
163 
179 
192 
199 
165 
335 
310 
185 
193 
210 
215 
189 
312 
282 
210 
215 
230 
251 
212 
310 
243 
240 
245 
260 
290 
255 
295 
240 
210 
224 
238 
252 
214 
lenchus i n d i c u s , 
g soi 
M e l 
599 
345 
238 
252 
260 
272 
241 
392 
142 
271 
290 
310 
314 
280 
356 
290 
148 
153 
169 
178 
148 
370 
293 
163 
181 
195 
210 
160 
422 
340 
130 
142 
192 
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berseem crop as compared to 2477 in untreated beds. Similarly, the 
range for rizka crop was 1040-1243/250 g soil compared to 2244 in 
untreated beds, and for kasni 849-1018 compared to 1613 in untreated 
beds. Similar trend was also observed in mixed-cropping of 
• kasni+berseem ranged 940-1120 in organic amendments/nematicide 
treated beds compared to 1683 in untreated beds, and for kasni+rizka 
833-1132 compared to 1703 untreated beds. 
The different treatments of the preceding crops also had 
beneficial effect on plant growth (fresh weight and length of root and 
shoot) of the subsequent crop okra cv. Pusa Sawani. However, the 
increase was more pronounced in plants grown in beds having kasni 
in the preceding season followed by beds having kasni + berseem, 
kasni+rizka, berseem and rizka in that order . Application of neem 
cake in the preceding season gave' greatest improvement in plant 
growing okra in the subsequent season, followed by castor cake, neem 
leaf, castor leaf and carbofuran. 
Summary: 
Evidently, results indicate that reduction in p lan t -paras i t i c 
nematodes had positive correlation with the improvement in fodder 
yields. Moreover, combined effects of organic amendments/nematicide 
with intercropping of kasni/chicory was more pronounced than that 
achieved by intercropping of antagonist ic crops when used alone 
(Fig. 2) . Inorganic ferti l izers were also effective but not to the 
extent of other treatments. The beneficial effects of all the treatments 
par t icular ly oilcakes, persisted in the next growing season when a 
susceptible-crop (okra) was grown. 
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POPULATION BUILD-UP OF NEMATODES ON 
DIFFERENT FODDER CROPS 
Fig. 1. Population build-up of plant-parasitic 
nematodes on different fodder crops, e . g . , 
berseem/Egyptian 
alexandrinum), 
(Medica^ sativa) 
(Cichorium intybus) 
Tables 1-5). 
clover (Trifolium 
rizka/1 ucer ne/alfalfa 
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F i g . 2 . Combined effect of d i f ferent soil 
treatments and intercropping on 
the population of p l a n t - p a r a s i t i c 
nematodes and fodder y ie ld of 
berseem/Egyptian clover (T r i fo l ium 
a l e x a n d r i n u m ) . r i z k a / l u c e r n e / 
a l f a l f a rMedicago s a t i v a ) and 
kasni /chicory (c ichor ium intybus) 
in f i e l d . 
Untreated (con t ro l ) , B = I n o r g . f e r t . , 
C = Neem cake , D = Castor cake , E = Neem leaf , F ^ Castor 
leaf , G = Carbo furan , (Ref. - Tables 1 -5 ) . 
Treatments: A = 
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it.2.l Intercropping of mustard (Brassica juncea (L.) Czern. et^ Coss. 
with potato (Solanum tuberosum L.) in field: 
There is an age old practice by Indian farmers to grow 
mustard as mixed or marginal crop with other vegetables and cerea l s . 
Therefore it was considered desirable to explore scientific explanat ion 
viz-a-viz nematodes of this practice by growing mustard alongwith 
potato as a mixed-crop. Similarly, incorporation of organic matter 
into soil has been practised by farmers for many years , Doth these 
practices are aimed to increase crop production. The present study 
was undertaken to investigate whether such practices have any 
relevance to integrated nematode management in field. 
Population of all p lan t -pa ras i t i c nematode present in natural ly 
infested field soil increased in untreated potato beds (2996/250 g 
soi l ) , whereas there was a general decline in numbers of nematodes 
when mustard was grown (1511). The interculture of mustard with 
potato caused decrease in nematode populations (2017) as compared to 
ini t ia l population (22^*2) (Fig. 3 ) . 
Application of oilcakes and leaves of neem and castor , and 
carbofuran led to a significant decline in the population build-up of 
p lan t -pa ras i t i c nematodes. Among all treatments, carbofuran was 
found to be most effective in reducing nematode population followed by 
neem cake, castor cake, neem leaf and castor leaf, however, efficacy 
varied on different crops (Fig. i^). 
The total population of nematodes in different treatments on 
potato ranged between 1037-1398/250 g soil, compared to 1701 in beds 
5k 
treated wi th inorganic f e r t i l i ze rs , and 2996 in untreated beds. The 
i n i t i a l population level was 22'f2. Further stress on nematode 
populat ion was brought about when potato was grown wi th mustard, 
the range of nematode populat ion in di f ferent treatments being 
895-1162/250 g soi l compared to 1661 in beds treated wi th inorganic 
fer t i l i zers and 2017 in untreated beds. The nematodes population 
levels were found to be lowest when mustard was grown s ing l y ; the 
range of nematode populat ion in di f ferent treatments was 687-9'*7/250 g 
soi l compared to I30it in beds treated wi th inorganic fe r t i l i zers and 
1511 in untreated beds. Thus i t is clear that in tegrat ion of d i f ferent 
soi l treatments and intercropping was highly benef ic ial for reducing 
nematode populations. The eff icacy of d i f ferent combinations was more 
than that achieved by either of the treatments singly (Taole ?). 
As a consequence of reduction in nematode population tnere 
was an increase in the y ie ld of potato or mustard when grown alone 
(Table 7) . However, there was marg ina l decrease in the y ie ld of both 
these crops when grown together ( F i g . 5) . 
Yields of potato and mustard crops improved due to di f ferent 
treatments. Neem cake (81.7%) brought about greatest increase in the 
y ie ld of potato, i t was followed by castor cake (75.2%), neem leaf 
(57.8%), castor leaf (^^.0%) and carbofuran (38.5%). Similar results 
were also obtained in case of mustard when corresponding f igures for 
increase in y ie ld in above treatments were 131.7%, 113.0%, 73.7%, 
5i,^% and <f6.3% respect ively. 
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PLANT-PARASITIC NEMATODES 
Fig. 3. Effect of intercropping of potato (Soianum 
tuberosum) and mustard (Brassica juncea) on the 
population of plant-parasitic nematodes in field 
(Ref. - Table 7) . 
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Fig. k. Combined effect of different soil 
treatments and intercropping of potato 
(Solanum tuberosum) and mustard 
(Brassic^ juncea) ori the population of 
plant-parasitic nematodes in field 
(Ref.-Table7). 
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j juncea) in f ie ld (Ref. - Table 7 ) . 
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4.2.2 Residual effect of different treatments of the experiment 4.2.1: 
This experiment was established on the similar pattern as 
4 .1 .2 . The residual effects of the preceding crops, v iz . , potato, 
mustard and potato + mustard were evaluated in the following season 
when okra was grown in different beds without giving any further 
treatment. There was an increase in nematode populations in beds 
that did not receive any treatment or, received inorganic ferti l izers 
for the preceding crops. However, development of nematode 
populations in beds treated with organic amendments/nematicide in the 
preceding crops remained almost the same level. Neem cake treatment 
of the preceding season remained most efficacious agains t 
p lan t -pa ras i t i c nematodes during the subsequent okra crop. It was 
followed by castor cake, neem leaf, castor leaf and carbofuran. 
The nematode populations ranged between 1978-2492/250 g soil 
in beds treated with organic amendments/nematicide for preceding 
potato crop as compared to 4923 in untreated beds. Similarly, the 
range for mixed-crop, i . e . , potato + mustard was 1687-2136 compared 
to 4283 in untreated beds, and for mustard alone 1533-1933 compared 
to 3836 in untreated beds. 
The beneficial effect of different treatments of the preceding 
crops were also noted on plant growth (fresh weight and length of 
shoot and root) of the subsequent crop (okra cv. Pusa Sawanl) . 
However, the increase was more pronounced in plants grown in oeds 
having mustard in the preceding season followed by beds having 
mixed-cropping of potato + mustard and potato in that order . 
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Application of neem cake in the preceding season gave greatest 
improvement in plant growth of okra in the subsequent season, 
followed by castor cake, neem leaf, castor leaf and carfoburan 
(Table 8) . 
*.3.1 Intercropping of rocket-salad (Eruca sativa L.) with potato 
(Solanum tul>erosum L.) in field: 
As has been mentioned ea r l i e r , the intercropping of oilcrops 
with cereals and vegetables is an age old practice by Indian farmers, 
but it is necessary to explore scientific basis of this pract ice. 
Similarly, addition of organic matter into soil has been practised 
since the early days of agr icu l ture . Both these practices are aimed to 
increase crop production. Hence, the present experiment wa? 
conducted to investigate whether these practices are feasible for the 
integrated nematode control in field. 
The nematode populations in natural ly infested field soil 
increased in untreated control {2it9it/250 g soil) whereas there was 
general decline in population of p lan t -pa ras i t i c nematodes (I23i^) when 
rocket-salad was grown s ingly . The interculture of rocket-salad with 
potato caused decrease in nematode population (1765) over init ial 
population (2087) (Fig. 6) . 
Application of oilcakes and leaves of neem and castor , and 
carbofuran led to a significant decline in the population build-up of 
p lan t -pa ras i t i c nematodes. Carbofuran was found to be most effective 
in suppressing the nematode populations followed by neem cake, castor 
cake, neem leaf, and castor leaf, however, efficacy varied on 
different crops . The total population of nematodes in different 
62 
treatments on potato ranged between 936-1375/250 g soil, compared to 
1661 in inorganic fer t i l izers , and 2'*9'> in untreated control . The 
ini t ial population level was 2087. Further decline in nematode 
populations was noted when potato was grown alongwith rocket-saiad 
in al ternate rows; the mage of nematode populations in different 
treatments being 757-1087/250 g soil compared to 1352 in beds treated 
with inorganic fertil izers and 1765 in untreated beds. The nematode 
population was found to be least when rocket-salad was grown alone; 
the range of nematode populations in different treatments was 
620-9*^2/250 g soil compared to 11*^ 9 in beds treated with inorganic 
fertilizers and 123'f in untreated beds. Thus it is clear that 
integration of different soil treatments and intercropping was highly 
beneficial for reducing nematode populations. The efficacy of 
different combinations was more than that obtained by either of the 
treatments alone (Table 9, Fig. 7.) 
As a resul t of reduction in nematode population due to 
different treatments there was an increase in the yield of potato or 
rocket-salad when grown alone. However, there was T-arginai 
decrease in the yield of these crops when grown intermixed (Fig. 8). 
Yield of potato and rocket-salad crops improved due to 
different treatments. Neem cake (65.2%) proved most effective in 
increasing the potato yield, followed by castor cake (56.1%), neem 
leaf (1^7.1%), castor leaf (^2.1%) and carbofuran (3*^.7%). Similar 
results were also obtained in case of rocket-salad where corresponding 
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Fig. 6. Effect of intercropping of potato (Solanum 
tuberosum) and rocket-salad (Eruca sativa) 
on the population of plant-parasitic 
nematodes in field (Ref. - Table 9 ) . 
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Fig. 7. Combined effect of different soil treatments 
and intercropping of potato (Solanum 
tuberosum) and rocket-salad (Eruca sativa) 
on the population of plant-parasitic 
nematodes in field (Ref. - Table 9 ) . 
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(Solanum tuberosum) and rocket-salad 
(Eruca sativa) in field (Ref. - Table 9 ) . 
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figures for increase in yield in above treatments were 109.'t*, ^tt.l^%, 
71^.2%, f9.2% and kk.^% respectively (Table 9) . 
4.3.2 Residual effect of different treatments of the experiment 4 .3 .1: 
This experiment was conducted on the similar lines as in 
4 .2 .2 . The residual effects of the preceding crops, v iz . , potato, 
rocket-salad and mixed-cropping of these crops were observed in the 
following season when okra was grown in different beds without 
giving further treatments. There was a significant increase in 
nematode populations in beds receiving no treatment or inorganic 
ferti l izers for the preceding crops . However, the nematode populations 
in beds treated with organic amendments/nematicide for the preceding 
crops remained more or less the same. Neem cake treatment of the 
preceding crop remained most efficacious agains t the populations of 
p lan t -pa ras i t i c nematodes during the subsequent okra crop, followed 
by castor cake, neem leaf, castor leaf and carbofuran. The nematode 
populations ranged between 2022-2409/250 g soil in beds treated with 
organic amendments/nematicide for preceding potato crop as compared 
to 5297 in untreated beds. Similarly, the range for mixed-crops 
(potato + rocket-salad) was 1481-1848 compared to 4028 in untreated 
beds, and for rocket-salad singly 1305-1704 compared to 3704 in 
untreated beds (Table 10). 
The beneficial effect of treatments of the preceding crops were 
also noted on plant growth (fresh weight and length of shoot and 
root) of the subsequent crop (okra cv. Pusa Sawani) . However, the 
increase was more pronounced in plants grown in beds having rocket-
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69 
salad in the preceding season followed by beds having mixed-crop of 
potato + rocket-salad and potato alone in that order. Appl icat ion of 
neem cake in the preceding season gave greatest improvement in plant 
growth of okra in the subsequent season, followed by castor cake, 
neem leaf, castor leaf and carbofuran (Table 10). 
Summary of the experiments 4 . 2 . 1 , 4 .2 .2 , 4.3.1 and 4.3.2: 
I t is clear from the results as presented above that the tvvo 
o i lc rops, v i z . , mustard and rocket-salad ef fect ively suppr^isea the 
populations of commonly occurr ing p lan t -paras i t i c nematodes when 
grown alone or intermixed wi th nematode-susceptible crop, viz., 
potato. There was further suppression in the populations ot p lant-
paras i t ic nematodes when soi l was also treated wi th o i l cakes ana 
leaves of neem and castor, and a nematicide carbo fu ran . As a 
consequence of reduction in nematode populat ion there was an increase 
in the y ie ld of potato. The benef ic ial effects of a l l the treatments 
persisted in the next growing season when okra was grown. 
70 
4.4.1 Effect of soil amendment with chopped leaves (fresh) of plants on 
the population of plant-parasitic nematodes and plant growth of tomato 
cv . Pusa Ruby: 
The present experiment deals with the effect of soil amendment 
with chopped leaves of selected plants on the population build-up of 
p lan t -paras i t i c nematodes occurring in natura l ly infested soil . 
It was noted that the populations of different p lan t -paras i t i c 
nematodes increased on tomato cv. Pusa Ruby in the untreated control, 
however, to varying extent . Rotylenchulus reniformis was the 
predominant species followed by Hoplolaimus indicus, Helicotylenchus 
indicus, Ty le nc ho r h y nc h u s brassicae and Tylenchus filiformis 
(Table 11). 
The population of nematodes declined, when the soil was 
treated with two different doses (50 or lOOg/pot) of chopped leaves of 
p lants . Among different treatments Calotropis procera was found to be 
most effective in reducing nematode populations ('fl8/250 g soil) 
followed by Ricinus communis Cf^O), Azadirachta indica ('>51), Lantana 
indica (itJi), Melia azedarach C^SS), Eucalyptus citr iodora (507), 
Clerodendrum inerme (626) and Thuja or iental is (6*^9) with the higher 
doses (100 g leaves/pot) , as compared to untreated control (3300) and 
the ini t ial population (1789). Similarly with the lower dose, efficacy 
varied but remained in the same order; the total population in the 
above treatments being 6'>3, 71^5, 7k7, %ik, Sl^ f, 881, 88^ * and 921 
respectively. 
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Plant growth (fresh weight and length of shoot and root) of 
tomato cv . Pusa Ruby great ly improved in all the treatments compared 
wi th untreated cont ro l . However, the increase was more pronounced in 
plants grown wi th the higher dose of d i f ferent treatments. Highest 
increase in p lant weight was observed in the treatment with 
C. procera leaves (p lan t wt. = 77.1 g in 100 g dose) followed by 
A. indica (66.7 g ) , R. communis (64.9g), M. azedarach (60.9g), 
j - . indica (56.5g), E^ . c i t r iodora (50. Ig) and X* or ien ta l is ( ' f6.3g). 
Treatment wi th the lower dose gave poor results compared wi th the 
higher dose. Similar trend was also observed in case of p lant length, 
i t also increased wi th increasing the dose of the treatment (Table 11). 
4.4.2 Effect of soil amendment with chopped leaves (fresh) of plants on 
the population of plant-parasitic nematodes and plant growth of chi l l i 
cv. Pusa 3awala: 
This experiment was conducted on the same lines as in tt.it.l. 
The populations of p lan t -paras i t i c nematodes, present in na tura l l y 
infested so i l , mu l t ip l ied f requent ly on c h i l l i cv . Pusa lawala in the 
untreated pots. The total populations increased to 3256 from the 
i n i t i a l population level of 1789 nematodes/250 g soi l (Table 12). 
Due to di f ferent treatments, populations of a l l the nematodes 
declined s i gn i f i can t l y , however, R. communis was found to be most 
effective in reducing nematode populations ('J56/250 g so i l ) , i t was 
followed in order of eff ic iency by A. indica ('t69), C. procera ('>59), 
M. azedarach (tt76), L. ind ica (508), E_. c i t r iodora {^1^5), C. inerme 
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(587) and J . or ienta l is (609) in pots treated wi th the higher dose of 
treatments (100 g /po t ) . S im i ia l r l y reduction was also observed at the 
lower dose (50 g/pot) but eff icacy was comparat ively less in reducing 
the nematode's populations (Table 12). 
Plant growth (fresh weight and length of shoot ana root) oi 
c h i l l i cv . Pusa Jawala, great ly improved in pots having aitfe'"ent 
treatments. However, the p lant growth was more pronounced in the 
pots which received higher dose of d i f ferent treatments (100 g /po t ) . 
At this dose of maximum enhancement in p lant weight was noted 
{lj^l.7g) in C. procera (100 g/pot) followed by A. indica (36.9 g ) , 
M. azedarach (34.1 g ) , R. communis (31.8 g ) , C. c i t r iodora (29.3 g ) , 
C. inerme (24.3 g) , _L. indica (23.3 g) and J* or ien ta l is (20.7 g ) . 
The eff icacy was comparat ively less in pots treated wi th 50 g/pot. 
Similar trend was also observed in case of p lant length, i t also 
increased wi th increasing the dose of the treatment (Table 12). 
4.5.1 Effect of soil amendment with chopped leaves (fresh) of plants on 
root-knot development caused by Meloidogyne incognita and plant 
growth of tomato cv. Pusa Ruby: 
The present experiment was conducted for eva lua t ing the effect 
of soi l amendments wi th chopped leaves (fresh) on the root-knot 
incidence caused by Meloidogyne incogni ta, and p lant growth of tomato 
cv . Pusa Ruby (Table 13). 
The root-knot nematode, M. incognita was highly pathogenic on 
tomato. The root-knot index on the untreated plants was 4.00 
(on 0-5 scale) . There was great reduction in roo t -ga l l i ng , caused by 
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M. incognita, in different treatments of chopped leaves, more being at 
the higher dose (100 g/pot ) . As compared to untreated p lants , the 
root-knot index was only O.iti in plants treated with chopped leaves of 
Calotropis procera at 100 g/pot dose. However, in case of other 
treatments, gall indices were 0.53, 0.6't, 1.60, 1.50, 2.00, 2.00, 2.55 
in treatments with Azadirachta indica, Ricinus communis, Lantana 
indica, Melia azedarach, Eucalyptus c i t r iodora , Thuja or iental is and 
Clerodendrum inerme respectively. The lower dose {50 g/pot) also 
inhibited root-kno-t development to some extent (Table 13). 
There was significant improvement in plant-growth (fresh 
weight and length of shoot and root) due to the application of various 
treatments, however, the increase was more pronounced at higher doses 
where inhibition in root-gal l ing was observed maximum. Among all the 
treatments, highest plant growth (p lant wt. = 'fO.6 g) was noted when 
chopped leaves of C. procera were applied to the soil at 100 g/pot, it 
was followed by A. indica (3*^.7 g) , R. communis (3't.l g) , 
M. azedarach (30.9 g) , L. indica (29.2 g) , E^ . c i t r iodora (22.6 g) . 
Thuja oriental is (21.2 g) and C. inerme (19.0 g) at the same dose. 
Similar trend was also observed with the dose of 50 g/pot but 
enhancement in plant growth was relat ively less (Table 13). 
4.5.2 Effect of soil amendment with chopped leaves (fresh) of plants on 
root-knot development caused by Meloidogyne incognita and plant 
growth of chill i cv . Pusa .3awala: 
This experiment was conducted on the same lines as in 4 . 5 . 1 . 
The root-knot development caused by M. incognita was very severe on 
77 
chil l i cv. Pusa 3awala plants (root-knot index = f^.OO) in the 
untreated control (Table H ) . 
Due to different treatments, incidence of root-knot declinea 
s ignif icant ly, however, the severity of root-gall ing was found minimum 
(RKI = 0.2it) with C. prpcera while root-knot indices were O.^ f^ , 0.38, 
1.35, 1.55, 1.75, 2.00, 2.00, when A. indlca, R^ . communis, U indica, 
M. azedarach, E^ . c i t r iodora , T^. or iental is and C. inerme were applied 
to the soil respectively at the higher dose (100 g /pot ) . The lower 
dose (50 g/pot) also inhibited root-knot development to some extent 
(Table 1^ *). 
Plant growth (fresh weight and length of shoot and root) of 
chil l i cv. Pusa Jawala greatly improved due to application of different 
treatments. Moreover, the higher dose (100 g/pot) showed better 
resu l t s . C. procera brought about greatest increase in plant growth 
(plant wt. = 35.6 g) followed by A. indica (31.2 g) , R. communis 
(27.8 g) , M. azedarach (2't.7 g ) , 1-. indica (23.5 g) , E^ . ci tr iodora 
(18.3 g) , X* oriental is (17.6 g) and C. inerme (15.7 g) at the nigher 
dose (100 g /pot) . The lower dose {50 g/pot) also improved plant 
•growth but to some extent (Table 14). 
4.6.1 Effect of soil amendment with fallen leaves on the population of 
plant-parasitic nematodes and plant growth of tomato cv . Pusa Ruby: 
The present experiment deals with the effect of fallen leaves of 
neem, castor and bakain asf^^bii''ariiettjckm^^-vagainst piant-pat asitic 
nematodes. 
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Results indicate that all p lan t -paras i t i c nematodes present in 
the soil multiplied freely on untreated plants tomato cv. Pusa Ruby 
while in plants treated with fallen leaves of neem, castor anG bakain, 
there was significant reduction in their populations. Neerr leaves were 
found to be most effective in controlling nematodes followed os those of 
castor and bakain . The populations gradual ly decreased with 
increasing doses of the residues (Table 15). 
The final population of p lan t -pa ras i t i c nematodes in pots 
treated with the higher dose of neem leaves (100 g/pot) was 381/250 g 
soil . Next in order of efficiency was castor (U78) and bakain (636) at 
the same dose compared with untreated plants (3085). The 50 g/pot 
dose also showed significant reduction in the population of the 
p lan t -paras i t i c nematodes but to lesser extent . The lower dose 
(25 g/pot) inhibited nematode populations to much lesser extent 
(Table 15). 
Plant growth (fresh weight and length of shoot and root) of 
tomato cv. Pusa Ruby in the amended soil showed significant 
improvement. Moreover the increasing doses showed better resu l t s . 
Neem leaves brought about'maximum increase in plant growth followed 
by castor and bakain . Greatest plant growth was noted at higher dose 
(100 g/pot) ; in case of neem, plant weight was Uk.3 g, it was followed 
by castor leaves Cfl.? g) and bakain leaves (39.8 g ) . The lower 
dose also improved plant growth to some extent (Table 15). 
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'^.6.2 Effect of soil amendment with faJlen Jeaves on the population of 
p lan t -pa ras i t i c nematodes and p lant growth of chi l l i cv . Pusa Jawala : 
The experiment was conducted on the same lines as ^.b.l. The 
population of p lan t -paras i t i c nematodes present in the naturai iy 
infested soil multiplied frequently on chil l i cv. Pusa Jawaia in 
untreated pots. The total population of nematodes increased to 
3317/250 g soil from the ini t ial population of 1821 (Table 16). 
The total populations of p lan t -paras i t i c nematodes declined 
significantly due to different treatments, however, neem leaves at the 
higher dose (100 g/pot) found to be most effective in reducing 
nematode populations (3K/250 g soi l ) ; it was followed by castor (if82) 
and bakain (585) leaves compared with untreated control (3317). 
Similarly, reduction was also observed at the lower doses (50 g/pot 
and 25 g/pot) but efficacy was relat ively less. 
Plant growth (fresh weight and length of shoot and root) of 
chil l i cv. Pusa Jawaia greatly improved due to application of fallen 
leaves of neem, castor and bakain . Here again , neem leaves were 
found to be most effective in improving plant growth (a t 100 g/pot 
plant wt. = 31.0 g) followed by castor (29.3 g) and bakain (24.9 g) 
leaves compared with untreated control (17.9 g) (Table 16). 
4.7.1 Effect of soil amendment with fallen leaves of plants on root-knot 
development caused by Meioidogyne incognita and plant growth of 
tomato cv . Pusa Ruby: 
The present experiment deals with the efficacy of soil 
amendment with fallen leaves of neem, castor and bakain agains t root-
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knot nematode MeJoidogyne Incogn i t a , and p l a n t growth of tomato c v . 
Pusa Ruby. 
Resul ts i n d i c a t e t h a t roo t -kno t nematode M. i ncogn i t a c a u s e d 
seve re r o o t - g a i i i n g (RKI = f^.OO on 0-5 s ca l e ) on u n t r e a t e d p l a n t s 
(Table 17) . 
The s eve r i t y of roo t -kno t was g r e a t l y reduced when the p l a n t s 
were t r e a t e d with leaves of neem, cas to r and b a k a i n a t 25, 5u or 
100 g /po t . Neem leaves were found to be most effect ive in r e d u c i n g 
the inc idence of roo t -kno t (RKI = 0.75) followed by cas to r (1 .00) ana 
b a k a i n leaves (1.15) a t the higher dose (100 g / p o t ) . However, 
roo t -kno t indices a t lower doses of 50 and 25 g /po t were 1.38, 1.80 
and 1.65, 2.00 due to t r ea tmen t s with cas to r and b a k a i n leaves 
r e s p e c t i v e l y (Tab le 17). 
P l a n t growth ( f resh weigh t and length of shoot and root) of 
tomato c v . Pusa Ruby improved s i g n i f i c a n t l y due to these t r e a t m e n t s . 
However, it v a r i e d a t d i f ferent doses , h igher being with higher doses . 
Neem l e a v e s , among the d i f fe ren t t r e a t m e n t s , was found to be most 
benef ic ia l in improving p l a n t we igh t (<>2.6 g ) , w h e r e a s , in c a s e ot soil 
a p p l i c a t i o n of cas to r and b a k a i n leaves the p l a n t weigh ts were ^^0,2 g 
and 36.8 g r e s p e c t i v e l y a t the h igher dose (100 g / p o t ) . S i m i l a r l y , 
lower doses a t 25 and ^0 g /po t a lso improved tht p i a m <(*u>vih 
(Tab le 17) . 
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* .7 .2 Effect of soil amendment with fallen leaves of plants on root-knot 
development caused by Meloidogyne incognita and plant growth of 
chi l l i cv. Pusa Jawala: 
This experiment was conducted on the same lines as in k.7A. 
The severi ty of root-knot caused by M. incognita was pronounced on 
untreated plants of c h i l l i cv . Pusa Oawala (Table 18). 
The incidence of root-knot was great ly suppressed, when plants 
were treated wi th fa l len leaves of neem, castor and bakain at tne 
di f ferent doses (25, 50 or 100 g /po t ) , however, severi ty decreased 
gradua l ly wi th increasing doses (Table 18). 
At 100 g/pot dose of fa l len leaves of neem, the root-knot index 
was 0.60; i t reduced to 0.85 in case of castor and l.GO in bakain 
leaves. S im i la r l y , 50 g and 25 g/pot doses were also effective but to 
va ry i ng extent; the root-knot indices being 1.20, 1.75; and l.UG, 1.50 
wi th castor and bakain leaves respect ively. 
The beneficial effect of d i f ferent treatments was also ooserved 
on p lant growth (fresh weight and length of shoot and root) of c h i l l i 
cv . Pusa Jawala. Here again the reduction in the severity of 
root-knot disease had a posit ive corre lat ion wi th the improvement ol 
p lant growth. The maximum plant weight (28.'f g) was ooserved with 
neem leaves at 100 g/pot. I t was followed by castor and bakain 
leaves where p lant weights were 2't.6 g and 20.0 g respectively at the 
same dose. S im i la r l y , lower doses (50 and 25 g/pot) were also 
beneficial in improving the p lant growth but to lesser extent 
(Table 18). 
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*.8.1 Effect of soil amendment with dry crop resfdues on the 
population of plant-parasitic nematodes and plant growth of tomato cv. 
Pusa Ruby: 
In this experiment, dry crops residues of marigold, mustard 
and sunflower were incorporated for eva lua t ing their nematode control 
efficiency in natural ly infested soil . 
Results indicate that all nematodes multipiiea freely on 
untreated plants of tomato cv. Pusa Ruby while on plants treated with 
marigold, mustard and sunflower plant res idues , there was significant 
reduction in the population of p lan t -pa ras i t i c nematodes. Marigold 
residues were most effective in controlling nematodes followed oy those 
of mustard and sunflower. The populations gradual ly decreasta witf) 
increasing doses of the residues (Table 19). 
The final population of p lan t -paras i t i c nematodes in pots 
treated with the higher dose of marigold (100 g/pot) was 505/230 g 
soil. Next in order of efficiency was mustard (572) followed by 
sunflower (65'f) with similar dose compared with untreated plant 
(3085). The 25 and 50 g/pot doses also showed significant reduction 
in the populations of p lan t -paras i t i c nematodes out to a lesser 
(Table 19). 
Plant growth (fresh weight and length of shoot and root)of tomato 
cv. Pusa Ruby in the amended soil showed significant improvement. 
Marigold crop residues brought about greatest increase in plant growth 
followed by mustard and sunflower. Maximum plant growth was noted 
at higher dose (100 g/pot) ; in case of marigold plant weight was 
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^5.0 g, it was foJJowed by sunfJower (39.5 g) and mustard (37.2 g) . 
The lower doses also improved plant growth to some extent (Table 19). 
*.8.2 Effect of soil amendment with dry crop residues on the 
population of plant-parasitic nematodes and plant growth of chill i cv . 
Pusa 3awala: 
This experiment was conducted on the same lines as in 4 . 8 . 1 . 
The population of p lan t -paras i t i c nematodes present in natural ly 
infested soil multiplied frequently on chil l i in the untreated pots. 
The total populations increased to 3317 from the ini t ia l population of 
I82I nematodes/250 g soil (Table 20). 
Due to different treatments, population of nematodes declined 
signif icantly, however, marigold plant residues at the higher dose 
(100 g/pot) was found to be most effective in reducing nematode 
populations (517/250 g soi l ) , it was followed by mustard (7^*5) and 
sunflower (958) plant residues compared with untreated control (3317). 
Similarly, reduction was also observed at the lower doses {50 g/pot 
and 25 g/pot) but efficacy was comparatively less . 
Plant growth (fresh weight and length of shoot and root) of 
chil l i cv . Pusa Jawala greatly improved due to application of dried 
crop residues of marigold, mustard and sunflower. Here again 
marigold residues were found to be most effective in improving oiant 
growth (plant weight - 3'A.9 g) followed by mustard (29.2 g) and 
sunflower (26.9 g) compared with 17.9 g plant weight in untreated 
control (Table 20). 
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4.9.1 Effect of soil amendment wi th dry crop residues on root-knot 
development caused by Meloldogyne incognita and plant growth of 
tomato cv. Pusa Ruby: 
In the present experiment the- eff icacy of dry crop residues of 
mar igo ld , mustard and sunflower was tested against the root-knot 
nematode M. incogni ta. The root-knot development enhancea greatly on 
the untreated plants of tomato cv . Pusa Ruby (Table 21). 
Appl icat ion of these crop residues wi th di f ferent doses wds 
found to be highly effective in reducing the severity of root-knot . 
Moreover, higher doses gave s ign i f i can t reduction in root^knot 
development. Mar igold residues were found to be most effective 
(root-knot index = 0.^0) followed by mustard (0.75) and sunflower 
(0.85) at higher dose (100 g /po t ) . However, root-knot mdires sA.ero 
i . ' f5 , 2.10 and 2.15, 2.70 wi th dry crop residues of inustaro -nd 
sunflower at the rate of 50 and 25 g/pot respectively (Table 21). 
Plant growth (fresh weight and length of shoot and root) of 
tomato cv . Pusa Ruby s ign i f i can t l y improved due to the appl icat ion of 
dry crop residues of mar igo ld , mustard and sunflower. The higher 
dose (100 g/pot) showed more beneficial effects than lower doses (50 
and 25 g /po t ) . The highest p lant weight was observed wi th marigold 
amendment CfO.Sg) followed by mustard (39.8g) and sunflower (38.8g) 
at the higher dose. Similar trend was also observed wi th lower dose' 
(50 and 25 g/pot) but eff icacy was comparat ively less (Table 2 i ) . 
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'».9.2 Effect of soil amendment with dry crop residues on root-knot 
development caused by Meloidogyne incognita and plant growth of 
chi l l i cv. Pusa Jawala: 
This experiment was conducted on the same lines as ' ^ . 9 . 1 . 
The root-knot development caused by M. incognita was verv severe on 
ch i iJ i cv . Pusa JawaJa (root-knot index - '«.00) in tne untreated 
control (Table 22). 
Due to the di f ferent treatments, the incidence of --ooT-knot 
suppressed s ign i f i can t l y . The root-knot development was found 
minimum (RKI = 0.^*5) wi th marigold crop residues followed DV mustaru 
(0.7^) and sunflower (1.00) at the higher dose (100 g /po t ) . S imi lar ly 
lower doses (50 and 25 g/pot) of the addit ives also inhiDitea 
roo t -ga l l ing but i t was lesser than that obtained wi th higher dose 
(Table 22). 
Plant growth (fresh weight and length of shooT and root) 
improved s ign i f i can t l y in the treated pots, however, higher dose gave 
more improvement in p lant growth. Marigold crop residues at 
100 g/pot dose showed maximum enhancement in p lant weight (28.1 g) 
followed by mustard (2'*. i g) and sunflower (20.8 g ) . The lower dose 
(50 g/pot) also improved p lant growth but to lesser extent (Table 22). 
tf.lO.l Effect of soil amendment with urea coated with 'Nimin' and 
different oils on the population of plant-parasitic nematodes and plant 
growth of tomato cv. Pusa Ruby: 
I t is well known that many plants products are nematicidal in 
nature, e . g . , oilcakes and leaves oi neem and castor etc. Recently, 
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Godrej Soaps L td . has marketed a neem based product with the trade 
name of 'N imin ' and have recommended i t for urea coatings to prevent 
Jeachlng of n i t rogen. However, i t is not known as to what extent i t 
is deleterious to nematodes, though in a l l the possibilities- i t shouio 
have some nematicidal propert ies. S imi lar ly nematicidal value of oils 
of neem, castor etc. is also not known. With this background i t was 
considered worthwhile to evaluate nematode control potent ia l , if any, 
of urea coated wi th 'N imin ' and also wi th oi ls of neem, castor, 
rocket-salad and mustard. 
In the untreated p lants , the population density of nematodes 
increased, however, i t was suppressed when plants were treated wi th 
urea coated wi th 'N imin ' and di f ferent oi ls (Table 23). 
'N imin ' was found to be most eff icacious among di f ferent 
treatments for reducing the populations of p lan t -paras i t i c nematodes 
{i^7ti/250 g so i l ) , i t was followed by neem o i l (5'f7), castor o i l (623). 
rocket-salad o i l (663) and mustard o i l (732) at the highest dose 
( t r i p le strength) compared wi th untreated control (2292). S im i la r l y , 
single and double strengths of these treatments s ign i f i can t l y inh ib i ted 
nematode populations but to lesser extent (Table 23). 
Plant growth (fresh weight and length of shoot and root) of 
tomato cv . Pusa Ruby improved due to appl icat ion of urea coated wi th 
'N imin ' and di f ferent o i l s . Maximum p lant growth was noted when 
plants were treated wi th 'N imin ' (p lan t wt. = 45.3 g) followed by 
neem o i l C^l.O g ) , castor o i l ('•0.9 g ) , rocket-salad o i l (38.7 g) and 
mustard o i l {37 A g) at the highest dose ( t r i p le s t rength) . Similar 
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trend was also observed with lower strengths of di f ferent treatnnents 
(Table 23). 
'^.10.2 Effect of soil amendment with urea coated with 'N imin ' and 
different oils on the population of plant-parasitic nematodes and plant 
growth of chi l l i cv. Pusa Jawala: 
This experiment was conducted on the same lines as in k.lOA. 
Plant -paras i t i c nematodes present in na tu ra l l y infested soil mul t ip l ied 
freely in untreated cont ro l . The total populations increased to 200S 
from the i n i t i a l level of 1229 nematodes/250 g soi l (Table 2^). 
Due to di f ferent treatments populations of p lant -par asit ic 
nematodes declined s i gn i f i can t l y , however, 'N imin ' at the highest dose 
( t r i p l e strength) was found to be most effective in reducing, nernatoae 
popultions (^^29/250 g so i l ) , i t was followed by neem o i l (500), castor 
o i l (5(>^), rocket-salad o i l (608), and mustard o i l (670) compared wi th 
untreated control (2008). S imi lar ly reduction was also observed at the 
single and double strength of the tretments, but eff icacy was 
comparat ively less (Table 2^*). 
Plant growth (fresh weight at length of shoot ana root) ot 
c h i l l i c v . Pusa Jawala great ly improved due to appl icat ion of 'N imin ' 
and di f ferent oi ls coated on urea. Here aga in , 'N imin ' was found to 
be most effective in improving p lant growth (p lan t wt. - 23.3 g) 
followed by neem o i l (20.1 g ) , castor o i l (18.8 g) , rocket-salao o i l 
(17.8 g) and mustard o i l (16.3 g ) . In the untreated control plant 
weight was 6.6 g (Table 2k). 
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kAl.l Effect of soil amendment with urea coated with 'Nimin' and 
different oils on root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby: 
The present experiment was conducted for eva lua t ing the effect 
of soil amendment wi th 'N imin ' and di f ferent oils on the root-knot 
incidence caused by MeloidoRyne incognita and plant growth of tomato 
cv . Pusa Ruby (Table 25). 
The root-knot nematode M. incognita was highly pathogenic on 
tomato. The root-knot index was 't.OO (on 0-5 scale) in untreated 
p lants. There was great reduction in roo t -ga l l i ng caused oy ivi. 
incogni ta, in d i f ferent treatments wi th 'N imin ' and di f ferent o i l s , 
more being at the higher dose. As compared to untreated p lants , the 
. root -knot index was only 0.25 in 'N imin ' ( t r i p le s t rength) . However, 
in case of other treatments root-knot indices were 0.30, 0.50, 0.70 ana 
1.00 in neem o i l , castor o i l , rocket-salad o i l and mustard o i l treated 
plants respect ively. The lower dose (double strength) also inh ib i ted 
root-knot development to some extent; i t was 0.50, 1.00, 1.10, 1.35, 
and 1.50 in ' N i m i n ' , neem o i l , castor o i l , rocket-salad o i l and 
mustard o i l respect ively. The lowest dose (single strength) was found 
to be s l i gh t effective in reducing development of root-knot (Table 25). 
There was s ign i f i can t improvement in plant growth (fresh 
weight and length of shoot and root) due to the appl icat ion of various 
treatments, however, the improvement was more pronounced in plants 
grown at higher doses where inh ib i t ion of roo t -ga l l i ng was maximum. 
Among a l l the treatments, highest p lant growth (p lan t wt. - 45.1 g) 
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was noted when 'Nimin ' coa ted u rea was app l i ed to the soil at the 
higher dose ( t r i p l e s t r e n g t h ) , it was followed by neem oil C^l.U g ) , 
cas to r oil (36.1 g ) , r o c k e t - s a l a d oil (3^.2 g) and m u s t a r d oil 
( 33 . ^ g) a t the same dose compared with u n t r e a t e d cont ro l (19.0 g ) . 
Similar t r end was also obse rved with lower doses ( s i n g l e ana douole 
s t r e n g t h s ) bu t improvement in plant growth was relatively to lesser 
e x t e n t (Table 25) . 
4.11 .2 Effect of soil amendment with urea coated with 'Nimin' and 
different o i l s on root-knot development caused by Meioidogyne 
incognita and plant growth of c h i l l i c v . Pusa Jawala: 
This expe r imen t was conducted on the same l ines as in ' t . l l . l . 
The roo t -kno t development c a u s e d by M. incogn i t a was verv severe on 
c h i l l i c v . Pusa J awa la ( roo t -kno t index - 'f.OO) in u n t r e a t e d control 
(Table 26) . 
Due to d i f ferent t r e a t m e n t s , inc idence of roo t -kno t aecJined 
s i g n i f i c a n t l y , however, the s e v e r i t y of r o o t - g a l l i n g was found minimum 
(RKI = 0.40) with 'Nimin ' coated u r e a , while roo t -kno t indices were 
0.50, 0 .60 , 0.70 and 0.75 r e s p e c t i v e l y , when neem o i l . cas to r o i l , 
r o c k e t - s a l a d oil and m u s t a r d oil coa ted u rea were app l i ed to the soil 
a t the higher dose ( t r i p l e s t r e n g t h ) . The lower doses ( s i n g l e and 
double s t r e n g t h s ) also i n h i b i t e d r o o t - g a l l i n g to some e x t e n t 
(Table 26) . 
P l a n t growth ( f resh weight and length of shoot and root) of 
c h i l l i c v . Pusa J awa la g r e a t l y improved due to the a p p l i c a t i o n at 
different t r e a t m e n t s . Moreover, the h igher dose ( t r i p l e s t r e n g t h ) 
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showed better resul ts , 'N imin ' brought about greatest increase in 
plant growth (p lan t wt. = 21.5 g) followed by neem o i l (17.9 g) , 
castor o i l (17.8 g ) , rocket-salad o i l (17.3 g) and mustard o i l (13.7 
g) at the higher dose ( t r i p le strength) compared wi th untreated 
control (10.3 g ) . The lower doses (single and double strengths) also 
improved plant growth but to some extent (Table 26). 
4.12.1 Effect of bare-root dip treatment with extracts of castor on 
root-knot development and plant growth of tomato cv. Pusa Ruby: 
Considerable work has been done on the use of organic matter 
for the management of p lan t -paras i t i c nematodes. Soil amendment wi th 
non-edible oilcakes and leaves of castor have been proved oeneficial 
for suppressing p lan t -paras i t i c nematodes. These f indings prompted 
the author to invest igate whether a bare-root dip in extracts of castor 
oi lcake and leaf is useful in cont ro l l ing root-knot nematode 
Meloidogyne incogni ta. 
Bare-root dip treatment of tomato seedlings in the extracts of 
decomposed and undecomposed oi lcake and leaf of castor s ign i f i cant ly 
reduced root-knot development in pre-infected seedlings ano also in 
those which were inoculated wi th 2nd stage juveniles of M. incognita 
after dip treatment. Oilcake extracts were found to be more effective 
than leaf extracts and the decomposed extracts were more effective 
than undecomposed extracts (Tables 27, 28). 
The inh ib i t ion in root-knot development was greater in 
pre-infected and treated plants wi th decomposed extract of castor 
oi lcake (root-knot indices = 0.25, 0.75 and 1.00 at S, 5/2 and S/10 
lOi f 
concentrations respectively) compared to those inoculated wi th the 
nematode after root-d ip treatment (root-knot indices = 0.25, 0.50 and 
1.25 at S, S/2 and S/10 concentrations respect ive ly) . However, the 
inh ib i t ion of root-knot development was re la t i ve ly less in extracts ol 
undecomposed oi lcake in both pre-infected as well as post- inoculated 
plants (Tables 27, 28). 
In case of root dip wi th leaf ex t rac t , the inh ib i t i on of 
root-knot was not as effective as that w i th oi lcake ex t rac t . In 
extracts of decomposed leaf at S, S/2 and S/IO concentrat ions, 
root-knot indices were 0.50, 1.00, 1.25; and 0.75, 1.00, 1.75 in 
pre-infected and post-inoculated plants respect ively. Here aga in , the 
eff icacy of undecomposed ext rac t in reducing the severity of root-knot 
was not as pronounced as in case of decomposed extracts 
(Table 27, 28). 
The growth of plants improved wi th increasing concentrations 
of the ext rac ts . I t was correlated to the degree of control of the 
nematode. The highest p lant growth (p lan t wt. - 43.3 g) was 
recorded in the treatment wi th 'S ' concentrat ion of extracts of 
decomposed oi lcake in post- inoculated plants of tomato, i t was followea 
by 39.7 g and 36.3 g in S/2 and S/10 concentrations respect ively. 
However, the enhancement of p lant growth wi th increasint^ 
concentrations in the leaf extracts was comparat ively to lesser extent 
than oi lcake, but decomposed extracts were tounc to oe n ig i i i • 
beneficial than those of undecomposed ones. The plant weignt 
increased more in post- inoculated (3'f.4 g) than pre-infectea plants 
(30.8 g) (Tables 27, 28). 
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4.12.2 Effect of bare-root dip treatment with extracts of castor on 
root-knot development and plant growth of chil l i cv . Pusa 3awala: 
This experiment was conducted on the same lines as in ii.l2.l. 
The root-knot development caused by M. incognita was very severe on 
chil l i cv . Pusa Jawala (root-knot index = 'f.OO) in untreated control 
(Tables 29, 30). 
Bare-root dip treatment of chil l i seedlings in the extracts of 
decomposed and un- decomposed oilcake and leaf of castor significantly 
reduced root-knot development in pre-infected seedlings and also in 
those which were inoculated with 2nd stage juveniles of M. incognita 
after dip treatment. Oilcake extracts were found to be more effective 
than leaf extracts and the decomposed extracts were more effective 
than undecomposed extracts (Tables 29, 30). The inhibition in 
root-knot development was greater in pre-infected and treated plants 
with decomposed ext rac t of castor oilcake (root-knot indices were 0.25, 
0.40 and 0.75 at S, S/2 and S/10 concentrations respectively) compared 
with those inoculated with the nematode after root dip treatment 
(root-knot indices = 0.25, 0.50 and 1.00 at S, S/2 and 5/10 
concentrations respectively) (Tables 29, 30). 
In case of root dip with leaf ext rac t , the inhibition of 
root-knot development was not as pronounced as that achieved with 
oi lcake. Root-knot indices in pre-infected plants treated with 5, S/2 
and 5/10 concentrations of undecomposed extracts were 0.50, 0.75 and 
1.25; and with decomposed extracts 0.25, 0.50 and 1.00 respectively 
(Table 29). The corresponding figures for post-inoculated plants were 
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0.50, 1.25 and 2.00 wi th undecomposed extracts and 0.50, 1.00 and 
1.25 wi th decomposed extracts (Table 30). 
The growth of plants improved wi th increasing concentr ation.s 
of the ext rac ts . I t was correlated wi th the degree of oernatooe controi . 
The highest p lant growth (p lant wt. = 15.3 g) was noted in the 
treatment wi th 'S ' concentration of extracts of decomposea oi lcake in 
post-inocuJated plants of c h i l l i , i t was followed oy S/2 and S/10 
concentrations where p lant weights were 13.2 g and 10.6 g 
respect ively. However, the improvement in plant growtn with leaf 
extracts was comparat ively to lesser extent than o i lcake, but 
decomposed extracts in both the cases were found to be more beneficial 
than those of undecomposed ones (Tables 29, 30). 
* .13.1 Effect of bare-root dip treatment with extracts of neem on 
root-knot development and plant growth of tomato cv. Pusa Ruby: 
The present experiment deals wi th the control of root-knot 
nematode M. incognita on tomato cv . Pusa Ruby by bare-root dip 
treatment in undecomposed and decomposed extracts of neem oilcake 
and leaf. 
Both decomposed and undecomposed extracts of neem oilcake 
and leaf as bare-root dip treatment caused s ign i f i can t reduction in 
root-knot development of pre-infected tomato seedlings as well as tnose 
inoculated wi th 2nd stage juveniles of M. incognita after dip 
treatment. I nh ib i t i on in root-knot development was, however, more 
pronounced in pre-infected seedlings than in seedlings inoculated after 
dip treatment. Decomposed extracts were comparatively more effective 
11 
than un decomposed e x t r a c t s . OiJcake e x t r a c t s gave c o m p a r a t i v e l y 
better r e s u l t s t han leaf e x t r a c t s (Tab les 31 , 32) . 
The inh ib i t i on in roo t -kno t development was g rea te r in 
• p re - in fec ted p l an t s t r e a t e d with decomposed e x t r a c t s of neem cake 
( roo t -kno t indices were 0 .25 , 0.50 and 1.25 a t S, S/2 and 5/10 
c o n c e n t r a t i o n s r e s p e c t i v e l y ) compared to those inocu la ted with the 
nematode after root dip t r ea tmen t ( roo t -kno t indices were 0 .30, 0.50 
and 1.10 a t S, S/2 and S/10 c o n c e n t r a t i o n s r e s p e c t i v e l y ) . However, 
the i nh ib i t i on of roo t -kno t development was r e l a t i v e l y less in 
undecomposed e x t r a c t s in both p re - in fec ted as well as p o s t - i n o c u l a t e d 
p l a n t s (Tab les 31 , 32) . 
In c a s e of leaf e x t r a c t , the i nh ib i t i on in roo t -kno t 
development was not as pronounced as t h a t o b t a i n e d with o i l cake 
e x t r a c t s . In decomposed e x t r a c t s of leaf a t S, S/2 and S/10 
c o n c e n t r a t i o n s the roo t -kno t indices were 0 .50 , 1.00, 1.75 in 
p re - in fec ted and 0 .30, 0 .60, 1.30 in p o s t - i n o c u l a t e d p l an t s 
r e s p e c t i v e l y . Hence, the eff icacy of undecomposed e x t r a c t s in 
r e d u c i n g the s eve r i t y of roo t -kno t was not as pronounced as in case 
of decomposed e x t r a c t s (Tab les 31 , 32) . 
Improvement in p l a n t growth with i nc rea se in c o n c e n t r a t i o n s of 
the e x t r a c t s had a pos i t ive c o r r e l a t i o n with the degree of nematode 
c o n t r o l . Maximum p l a n t growth ( p l a n t wt. = 52.2 g) was recorded in 
the roo t -d ip t r ea tmen t with ' S ' c o n c e n t r a t i o n of e x t r a c t s of decomposed 
o i l cake in p o s t - i n o c u l a t e d p l an t s of tomato, i t was followed oy S/2 
and S/10 c o n c e n t r a t i o n s where p l a n t weights were ^^0.2 g anc 23.7 g 
r e s p e c t i v e l y . However, the improved p l a n t growth with i n c r e a s i n g 
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concentrations in the leaf extracts was re la t i ve ly to lesser extent than 
that obtained wi th o i lcake, but decomposed extracts were found to be 
more beneficial than those.of undecomposed ones. 
4.13.2 Effect of bare-root dip treatment with extracts of neem on 
root-knot development and plant growth of chi l l i cv. Pusa Jawala: 
This experiment was conducted on the same lines as in i f .13 .1 . 
The effect of bare-root dip in unecomposed and decomposed extracts of 
neem oi lcake and leaf against the root-knot nematode M. incognita and 
p lant growth of c h i l l i cv . Pusa Jawala was evaluated (Tables 33, 3^*). 
Bare-root dip treatment of c h i l l i seedlings in the extracts of 
neem oilcake and leaf s ign i f i can t l y inh ib i ted root-knot development 
caused by M. incogni ta, which increased s ign i f i can t l y wi th the 
increase in the concentrat ions. 
The inh ib i t ion in root-knot development was higher in 
pre-infected plants treated wi th decomposed extracts of neem oilcake 
(root-knot indices were 0.20, 0.30 and 0.50 at S, S/2 and S/10 
concentrations) compared to those inoculated wi th the nematode after 
root dip treatment ( root-knot indices were 0.25, 0.50 and 1.00 at S, 
S/2 and S/10 concentrat ions). However, the inh ib i t i on of root-knot 
development was re la t i ve ly less in undecomposed extracts in both 
pre-infected as well as post- inoculated plants (Tables 33, 34). 
The inh ib i t ion of root-knot in leaf ext ract was less than that 
wi th o i lcake. In decomposed ext ract of leaf, the root-knot indices 
were 0.30, 0.75, 1.00 and 0.50, 0.75, 1.25 at S, S/2 and S/10 
concentrations in pre-infected and post- inoculated plants respect ively. 
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Here aga in , the eff icacy of un decomposed ext ract was not as 
pronounced in reducing the incidence of root-knot as in case of 
decomposed extracts (Tables 33, 3't). 
The plant growth improved with increasing concentrations of 
the ex t rac t . I t was correlated wi th the degree of nematode cont ro l . 
The maximum plant growth (p lan t wt. 17.3 g) was recoraed m rne 
treatment wi th 'S ' concentration of ext ract of decomposed oi lcake in 
post- inoculated plants of c h i l l i ; i t was followed oy S/2 and S/10 
concentrations where p lant weights were 13.7 g and 13.0 g respect ively. 
However, enhancement in p lant growth wi th leaf extracts was lower 
than that wi th cake, but decomposed extracts of both oi lcake and leal 
were found to be more beneficial than those of undecomposed ones 
(Tables 33, 3^*). 
* . H . l Effect of water extracts of plant leaves on the nrx)rtality of 
plant-parasitic nematodes _m vitro; 
In the present study antinemic action of leaf extracts of some 
.selected plants was evaluated J_n^  v i t r o . Leaf extracts of a l l the test 
p lants , v i z . , Azadir achta ind ica, Calotropis procer a, Clerodendr um 
inerme. Eucalyptus c i t r iodora, Lantana ind ica , Melia azedar ach, 
Ricinus communis and Thuja or iental is were found to be toxic to 
p lan t -paras i t i c nematodes, however, to va ry ing extent. The morta l i ty 
of Meloidogyne incognita 3_, Roty lenchulus reni formis, Ty lenchor hy nchus 
brassicae, Hoplolaimus indicus, Helicoty lenchus indicus and Ty lenchus 
f i l i fo rmis increased wi th increasing concentrations of the extracts and 
exposure period (Tables 35-UO). There was a linear re lat ionship 
between the concentration of the extracts and percent mor ta l i ty of the 
nematodes ( F i g . 9 -14) . Detai led r e s u l t s with d i f ferent nematodes are 
d i scussed here u n d e r : 
Meloidogyne incognita; 
Leaf e x t r a c t s of A. i nd i ca , C. procer a, ] . . indica and 
R^ . communis a t S c o n c e n t r a t i o n b rough t abou t 100% mor t a l i t y of second 
s t age juven i les of M. incogni ta wi th in 12 h of e x p o s u r e . This level 
of mor t a l i t y w a s , however, ach ieved in the leaf e x t r a c t s of 
M. a z e d a r a c h and J_. o r i e n t a l i s a t the same c o n c e n t r a t i o n after 24 h 
and in C. inerme and E^ . c i t r i o d o r a after 48 h. Lower concen t r a t i on 
(S/2) of leaf e x t r a c t of A. ind ica also c a u s e d 100% nematode kill after 
longer e x p o s u r e per iod (48 h ) , however, a t th is concen t r a t ion 
A. 1 n d ic a and R^ . communis e x t r a c t s b rough t about more than 'iO% 
mor t a l i t y of juven i les after 12 h of e x p o s u r e . At S/lG concen t r a t i on 
nematode mor t a l i t y was about 50% in the e x t r a c t s oi A. i nd i ca , 
C. procer a, E^ . c i t r iodora , M. a z e d a r a c h and R^ . communis after 4^ h 
of e x p o s u r e . S/iOO concen t r a t i on of all the e x t r a c t s was leas t toxic as 
the nematode mor t a l i t y was les t han 50% even after 48 h of exposure 
(Table 35, F i g . 9 ) . 
Rotylenchulus reniformis; 
Leaf e x t r a c t s of A. ind ica and R^ . communis a t S concen t r a t i on 
b rough t abou t 100% mor t a l i t y of the nematode wi th in 12 h of e x p o s u r e . 
This level of mor t a l i t y w a s , however, ach ieved in the leaf e x t r a c t s of 
C. procer a a t the same c o n c e n t r a t i o n after 48 h. Lower concen t r a t ion 
(S/2) of the e x t r a c t s c a u s e d more than 50% mor ta l i t y in case of 
A. i n d i c a , C. procer a and jR. communis after 12 h of e x p o s u r e , and in 
C. inerme, _E. c i t r iodora , L.. i n d ic a, M. a z e d a r a c h and J . or i en t a l i s 
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after 'fS h. S/10 concentrat ion of the extracts of A. in die a, 
C. procera, E^ , c i t r i odo ra , _L. ind ica , M. azedarach and R^ . comnnunis 
k i l led about 50% nematodes after k& h of exposure. Whereas S/100 
concentrat ion of the extracts was found to be least toxic, that could 
not k i l l 50% nematodes even after i^Z h exposure excepting A. indica 
(Table 36, F ig . 10). 
Tylenchorhynchus brassicae; 
Leaf extracts of A. indica were h ighly deleterious to 
_T. brassicae as there was 100% nematode k i l l at S/2 concentration 
w i th in 2^ h of exposure. While C. procera brought about 100% 
morta l i ty w i th in 2't h at S concentrat ion and '•S h at S/2 
concentrat ion. This level of nematode mor ta l i ty was also achieved by 
the leaf extracts of R^ . communis at S concentrat ion after 'tS h of 
exposure. At short durat ion of exposure (12 h) the S/2 concentrat ion 
of A. ind ica , C. procera and R^ . communis, and S concentrat ion of 
I-. indica and M. azedar ach there was more than 50% nematode 
mor ta l i t y . At S/10 concentrat ion, the nematode morta l i ty was above 
50% in the extracts of A. indica and R. communis after 2^ h of 
exposure, whereas this level of nematode k i l l was noted at S/100 after 
US h of exposure in case of leaf ex t rac t of R^. communis. However, m 
other cases this concentrat ion was least toxic that could not k i l l 50% 
nematodes even after ^^ 8 h of exposure (Table 37, F ig . I I ) . 
Hoplolaimus indicus; 
Leaf ext ract of A. indica was found to be most toxic as i t 
k i l led 100% nematodes after US, h of exposure at S concentrat ion. Leaf 
extracts of A. ind ica , C. procera, j , . ind ica , M. azedar ach and 
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R^ . communis b rough t abou t a round 50% mor t a l i t y of nematodes wi th in 
2it h a t S/2 c o n c e n t r a t i o n , and after 'fS h a t S/iO c o n c e n t r a t i o n . 
S/100 c o n c e n t r a t i o n of a i l the e x t r a c t s was l ea s t toxic as the nematode 
mor ta l i t y was very low even after it& h of exposu re (Table 38, 
Fig. 12). 
HeJicotyJenchus indicus; 
Leaf e x t r a c t s of A. in die a and R^ . communis at S c o n c e n t r a t i o n 
b rough t abou t 9^% and 90% nematode mor t a l i t y wi th in t*?> h of 
e x p o s u r e . At S/2 c o n c e n t r a t i o n about 50% nematodes were ki l led in the 
e x t r a c t s of A. i nd ica and R^ . communis after 12 h of e x p o s u r e whereas 
th i s level of nematode mor t a l i t y was noted a t S/10 c o n c e n t r a t i o n in 
A. ind ica e x t r a c t after 2** h of e x p o s u r e . Moreover, the same level of 
mor ta l i t y was also noted a t same c o n c e n t r a t i o n in e x t r a c t s of 
C. p r o c e r a , ] , . i n d i c a , M. a z e d a r a c h and R^ . communis after ^^ 8 h of 
e x p o s u r e . S/100 c o n c e n t r a t i o n of the e x t r a c t s was found to be l eas t 
toxic t h a t could not ki l l 50% nematode even after k^ h of exposure 
(Table 39, F i g . 13). 
Tylenchus f i l i formis: 
Leaf e x t r a c t s of A. i nd i ca , C. p r o c e r a , L^. i n d i c a , 
M. a z e d a r a c h and R^ . communis a t S c o n c e n t r a t i o n b rough t about 100% 
mor ta l i t y of J . f i l iformis wi th in 12 h of e x p o s u r e . This level of 
mor t a l i t y w a s , however, ach ieved in the leaf e x t r a c t s of j , . i nd ica a t 
S/2 c o n c e n t r a t i o n after 2'f h. Lower c o n c e n t r a t i o n (5/2) of leaf 
e x t r a c t s of A. ind ica and R. communis b r o u g h t about 93% and 95% 
mor ta l i t y of the nematode after 2^ * h of e x p o s u r e . At S/10 
c o n c e n t r a t i o n , the nematode mor ta l i t y was abou t 50% in leaf e x t r a c t s 
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of A. ind ica , C. procer a, j , . indie a, M. azedar ach, R^ . communis and 
T^ . o r ienta l is after 2'f h of exposure. S/100 concentrat ion of a l l the 
extracts was least toxic as the nematode mor ta l i ty was less than 30% 
even after 'fS h of exposure (Table 'fO, F ig . I ' f). 
* .1 * .2 Effect of water extracts of plant leaves on the hatching of 
Meloidogyne incognita in vitro; 
Leaf extracts of a l l the test plants were found to be highly 
inh ib i to ry to the juveni le emergence. The inh ib i to ry effect increased 
wi th increasing concentrat ion of the extracts (Table ' ^ l ) . 
The hatching was completely inh ib i ted at S concentration of 
A, ind ica , C. procer a, M. azedarach and R^. communis ext racts . 
However, only few juveniles emerged at S/2 concentrat ion. At S/10 
concentration of A. ind ica , R^ . communis, C. procer a, M. azedarach, 
E^ . c i t r i odora , T_. o r ien ta l i s , U indica and C. inerme extracts the 
number of juveniles emerged was 'f^, ^9, 52, 68, 72, S'f, S^ and 90 
respectively compared wi th 380 in d is t i l l ed water cont ro l . The 
juveni le emergence increased further in the lower d i lu t ion of S/100 but 
the inh ib i t i on in juveni le emergence was more than 53.15% (Table ' * ! ) . 
4.15.1 Effect of water soluble fractions (WSF) of undecomposed and 
decomposed oilcakes of neem and castor on the mortality of 
Meloidogyne incognita in vitro; 
The present experiment was conducted to evaluate the toxic i tv 
of water soluble fract ions of undecomposed and decomposed oilcake« :?T 
neem and castor to root-knot nematode M. incognita (Table ^2). 
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There was no morta l i ty in d is t i l l ed water (cont ro l ) . S/100 
concentration of the extracts k i l l ed 63% and 12% nematodes in 
undecomposed and decomposed extracts of neem cake respectively after 
k% h of exposure. S/10 and S/2 concentration were noted to be highly 
deleterious that k i l led 60% and 75% nematodes after 12 h in 
undecomposed and 72% and 88% in decomposed ext rac ts . Highest 
mor ta l i ty (100%) was observed in S concentrat ion after 12 h of 
exposure in both the ext racts . 
Similar trend was also observed in case of W5F of 
un decomposed as wel l as decomposed castor cake. S/iOO concentration 
of the extracts k i l led k^% and 55% nematodes respectively in 
undecomposed and decomposed cake after kZ h of exposure. S/10 and 
S/2 concentrations were more toxic to the nematode; the mor ta l i ty was 
2&% and 55% in undecomposed and 50% and 65% in decomposed extracts 
after 12 h of exposure. Highest morta l i ty was observed in s 
concentration where a i l the nematodes were k i l led after 12 h of 
exposure in both the ext rac ts . 
I t is clear from the above results that the extracts of neem 
cake were more toxic than those of castor cake and decomposed 
extracts than undecomposed ones. The mor ta l i ty of nematode increased 
wi th increase in concentration of extracts and exposure period 
(Table kl). There was a l inear re lat ionship between the concentration 
of the WSF and percent mor ta l i ty of the nematodes (F ig . 15). 
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Upper line & ' • = 48h > Middle l ine & < = 24h , 
Lower line & o = 12h 
Undecomposed Decomposed 
2 
o 
Q O O . . ^ 
<^ "vL ^ ^ 
0) u? ^ 
Neem cake 
Undecomposed Decomposed 
to c/) 
Castor cake Castor cake 
Concentration of Water Soluble Fractions 
Fig. 15. Regression lines showing linear 
relationship between different concen-
trations of water soluble fractions of 
undecomposed and decomposed oilcakes of 
neem and castor and percent mortality of 
MeioidoRyne incognita (J,) _[n vitro 
(Ref. - Table *2). ^ 
38 
It.15.2 Effect of water soluble fractions (WSF) of undecomposed and 
decomposed o i lcakes of neem and castor on the hatching of Meloidogyne 
incognita in vitro; 
The i nh ib i t i on in h a t c h i n g i nc rea sed with an inc rease in the 
concentration of WSF of undecomposed and decomposed o i l cakes of neerri 
and castor . At S/2, S/10 and S/100 concentrations of the WSF of neem 
cake , only 7, t^2 and 105 juveni les of M. incogn i t a were ha tched out 
in undecomposed c a k e and 3, 30 and 85 juven i l e s in WSF of 
decomposed c a k e . No h a t c h i n g occur red in S c o n c e n t r a t i o n of al l the 
WSF (Table tt3). 
Similar trend was a lso noted in c a s e of cas to r cake e x t r a c t s . 
At S/2, S/10 and S/100 c o n c e n t r a t i o n s of the WSF only 12, 53 and 124 
juveni les ha tched ou t in undecomposed c a k e . The c o r r e s p o n d i n g 
figures for these c o n c e n t r a t i o n s the WSF of decomposed c a k e were 8, 1^3 
and 9k juveniles r e s p e c t i v e l y . Here a l so , there was no h a t c h i n g in "^  
concentration of the WSF (Table tt3), This shows t h a t water so luble 
f rac t ions of neem c a k e were more i nh ib i t o ry for h a t c h i n g than those of 
cas to r c a k e and decomposed e x t r a c t s were more inh ib i to ry than 
undecomposed o n e s . 
*.16.1 Effect of root-exudates of mustard and rocket -sa lad on the 
mortality of some p lant -paras i t i c nematodes _iri vitrot 
The r e s u l t s of the expe r imen t on the effect of r o o t - e x u d a t e s of 
m u s t a r d ( B r a s s i c a juncea) and r o c k e t - s a l a d (Eruca s a t i v a ) on the 
mor t a l i t y of nematodes a re given in Tables Wt and 45. No nematode 
was k i l led in d i s t i l l e d water c o n t r o l , and only s l i g h t mor ta l i t y was 
observed with S/100 c o n c e n t r a t i o n of the r o o t - e x u d a t e s even after 48 h. 
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In case of mustard root-exudate S/10 concentration was also 
not very effective; but S/2 concentration killed 53%. Hoplolaimus 
indicus. 71% Helicotylenchus indicus. kO% J . brass icae . 30% R. 
reniformis and 61% M. incognita after ttS. h of exposure. The S 
concentration on the other hand, was very effective in which highest 
mortality (86%) was observed in Helicotylenchus indicus, 8t% in 
M. incognita, 66% in Hoplolaimus indicus, 55% in T_. brassicae and 5^ %^ 
in J_. filiformis and 36% in R^ . reniformis after itS h of exposure 
(Table ttk). 
A similar trend was also observed with the root-exudate of 
rocket-salad where S/100 and S/10 concentrations were not very 
effective. Only few nematodes (30-5'f%) were killed at .S/2 
concentration after k& h in all nematode species. However, hundred 
percent M. incognita were killed followed by 80% Hoplolaimus indicus, 
J_. brassicae and JT. filiformis, 71% Helicotylenchus indicus and 65% 
R. reniformis at S concentration after tt& h (Table it5). 
Thus, it is clear from the foregoing account that the 
root-exudate of rocket-salad was more toxic than those of mustard. 
The mortality of nematodes increased with the increasing concentration 
of the root-exudates and exposure period. There was a linear 
relat ionship between the concentration of the root-exudates and percent 
mortality of the nematodes (Fig. 16, 17). 
*.16.2 Effect of root-exudates of mustard and rocket-salad on the 
hatching of Meloidogyne incognita in vitro; 
The inhibition in hatching increased with an increase in the 
concentrations of root-exudates of mustard and rocket-salad. In S, 
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S/2, S/10 and S/100 concentrations of root-exudate of mustard only 37, 
90, I'fO and 270 juveniles of M. incognita were hatched out 
respectively. Similar trend was also noted in case of rocket-salad 
root-exudate. In S, S/2, S/10 and S/100 concentrations of the 
root-exudate only 22, 51, 90 and 190 juveniles emerged as agains t 380 
In dlstiJied water alone. This shows that root-exudate of rocket-salad 
was more inhibitory for hatching than those of mustard (Table i^G). 
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5. DISaJSSION 
Among the different obstacles to the food production in the 
developing countries, one is the damage caused by different pathogens 
and pests including p lan t -paras i t i c nematodes, where the root-knot 
nematodes (Meloidogyne spp . ) occupy a significant position. Their 
worldwide distribution, extensive host range and disease complexes 
with fungi, bacteria and viruses make them potentially serious 
constraints to crop productivi ty. Most of the plants that account for 
the majority of the world 's food supply are susceptible to infection to 
one or the other species of root-knot nematodes which are capable of 
substant ia l ly reducing yield and quality of the produce. Vegetable 
crops such as potato, tomato, eggplant , ch i l l i , okra , e t c . , being short 
duration crops, can be cul t ivated in succession on the same plot. In 
India as also in many other developing countr ies , the entire family of 
vegetable growers work in their small land holdings throughout the 
year. The monoculture practice is largely responsible for the 
prevalence, predominance and severity of root-knot disease of these 
crops. 
Several workers have interpreted crop losses due to plant-
paras i t ic nematodes in economic terms. The most recent report , based 
on comprehensive worldwide survey was given by Sasser and Freckman 
(1987). They reported a loss of more than $ 100 billion per annum 
due to nematodes. This grim situation cer ta inly justifies adoption of 
proper management of nematodes. Among the various control 
s t ra tegies , chemical control and the recent awareness of their being 
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potential threat to the environment and health has put a serious 
question mark on their reliance for future ut i l izat ion. However, it 
does not mean that chemicals are useless and should be abandoned. 
Many of them stil l have great relevance par t icu lar ly in integrated 
pest management programme. A great deal of research has been 
carr ied out on nematode control . I t involves either the elimination of 
the nematode pests or the maintenance of their populations at levels 
below economic threshold where the damage they cause is of negligible 
economic value. 
Indian farmers are mostly i l l i terate and believe in t radi t ional 
agr icul ture , hence do not readily accept the use of nematicidal 
chemicals to combat nematode menance. Main limitations of the use of 
nematicides are that they are generally costly and not easily 
avai lable besides having inherent difficulties in their handl ing. 
Therefore, there has been a growing interest in a l ternate nematode 
control technologies, use of organic soil-amendments being one of them 
(Singh and Si taramaiah, 1970; Alam, 1976; Hasan, 1977; Muller and 
Goach, 1982). Use of organic wastes, which are avai lable in plenty 
par t icular ly in the developing countr ies , for nematode control provides 
a new channel for their safe disposal . 
One of the cheapest and effective methods of al ter ing the soil 
environment is its amendment with decomposable organic matter . This 
has been considered as one of the methods of biological control of 
plant diseases. The materials used for soil amendment include dry or 
green crop residues and other organic wastes. These materials are 
allowed to decompose in the field itself where the target pathogens are 
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supposed to be present. The decomposition of organic matter helps in 
changing phys ica l , chemical and biot ic condit ions of the so i l . The 
altered conditions reduce the inoculum potential of the pathogens. In 
add i t ion , i t improves soi l structure which promotes root growth of the 
host. Various chemicals released dur ing decomposition, such as 
phenols, may induce disease resistance in the roots. Decomposed 
materials ul t imately serve as nutr ients for plants and favourab ly 
affect the crop y ie lds. 
In the present study, eff icacy of organic amendments, v i z . , 
oilcakes and leaves of neem and castor was evaluated against some 
most commonly occurr ing p lan t -paras i t i c nematodes. Neem Azadirachta 
indica is a common tree of tropics and its usefulness is mu l t i -
dlmentional. I n Ind ia i t is regarded as a miraculous tree. I t has 
been used since time immemorial for medicinal purposes against a 
large number of ai lments. Castor Ricinus communis is grown for its 
invaluable o i l which is used in industry as wel l as in medicine. 
Leaves of both these plants are not used for cat t le feed, therefore the 
fa l len leaves usual ly go wastes. Their seed cakes are non-edible 
hence commonly used as manures. Soil amendment wi th d i f ferent p lant 
parts or products of neem and castor besides prov id ing nutr ients to 
so i l , does not pose any pol lut ion or toxic hazards. More recently 
extensive work has been car r ied out w i th respect to their insect ic ida l / 
insect-repel lent propert ies. I n case of p lant -par as i t ic nematodes most 
of the researches are s t i l l inconclusive and need further invest igat ion. 
The present study embodies three broad aspects related to 
nematode cont ro l : organic soil-amendment, mixed-cropping practice wi th 
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antagonistic crops, and integrated nematode management. Cost 
effective bare-root dip treatment w i th p lant der ivat ives and a newer 
approach of urea coat ing wi th 'N imin ' have also been attempted. 
Plants selected for present study represent three di f ferent groups 
where they occupy prominent posit ions, e . g . , vegetables (tomato, 
c h i l l i , potato and o k r a ) , oilseed crops (mustard and rocket -sa lad) , 
and fodder crops (berseem, r i zka and kasn i ) . The results of d i f ferent 
experiments conducted for the present study are discussed here under. 
Ber seem/Egyptian clover (T r i fo l ium alexandr inum), r i z ka / 
lucerne, a l fa l fa (Medicago sat iva) and kasni /ch icory (Cichorium 
intybus) are three major fodder crops cu l t i va ted in Northern Ind ia for 
da i ry animals. Being members of the fami ly laguminosae the f i r s t two 
crops also aid in bio logical nitrogen f i x a t i o n . However, p lant -
parasi t ic nematodes are l im i t ing factors in their product ion. Kasni , 
considered to be a weed un t i l recent ly , is now ga in ing importance as 
a fodder crop. Most often i t is grown intermixed wi th r i zka and 
ber seem. Prel iminary study revealed that f ields having kasni as a 
sole crop or intermixed w i th other crops harboured low populations of 
p lan t -par«« l t i c nematodei. In view of the importance of the above 
named fodder crops, a thorough study was undertaken to evaluate the 
mixed-cropping practice of kasni w i th ber seem and r i zka v i z -a -v i z 
nematodes. 
The present study revealed that the populations of Meloidogyne 
incogni ta, Rotylenchulus reniformis and Hellcotylenchus indicus 
mul t ip l ied freely on berseem, ind ica t ing that this crop is a good-host 
for these nematodes, whereas Ty le nc hor h y nc h u s br assicae and 
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Hoplolaimus indicus reproduced only s l ight ly , while Tylenchus 
filiformis was not supported by the crop. Rlzka appears to be a 
good-host for M. incognita and Hoplolaimus indicus whereas it can be 
regarded as a poor-host for Helicotylenchus indicus and Rotylenchulus 
reniformis, and non-host for J_. filiformis and J_. brass icae . In case 
of kasni populations of all the nematodes present in the soil declined 
significantly. The nematode suppressant effects of kasni were noted 
even when it wa grown intermixed with berseem and r izka , thereby 
showing antagonist ic nature of kasni towards the p lan t -pa ras i t i c 
nematodes (Fig. 1). 
Gommers (1973) surveyed members of the family Compositae for 
Jocating nematlcidai factors and observed several nematicidal 
pr inciples . Kasni also belongs to the family Compositae. Much work 
has been carr ied out on the antagonistic nature of marigold (Tagetes 
spp. ) an important member of Compositae. It has been shown that 
cult ivation of marigold significantly suppressed the population 
build-up of noxious nematodes (Hackney and Dickerson, 1975). 
Wallace (1963) suggested that the effects of marigold manifest in the 
soil, apparently by release of the nematicidal chemicals from the 
roots. Marigold roots contain considerably high concentrations of 
•c - ter thienyl (2,2-5,2-ter thienyl) alongwith biogenetically related 
5(3-buten- l -ynyl ) -2-2 ' -b i th ienyl that exhibited high nematicidal 
activity agains t several p lan t -paras i t i c nematodes (Zeschmeister and 
Sease, 19^7). There is no report in the l i tera ture about the 
antagonist ic nature of kasni as well as its use as a mixed-cropping 
for the suppression of p lan t -paras i t i c nematodes. In all the 
possibilities the nematicidal of kasni are released alongwith its 
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root-exudates as has been shown in case of mar igold (Alam 
et_al_., 1975). 
A simi lar study was also undertaken to explore sc ient i f ic 
basis of another age old pract ice of growing mustard and rocket-salad 
intermixed wi th cereals and vegetables in re la t ion to nematodes. The 
results of the present experiment indicate that the y ie ld of potato was 
adversely affected when grown as a sole crop because i t supported 
populations of p lan t -paras i t i c nematodes predominant ly, M. incognita 
(F ig . 7) . Since the cu l t i va t i on of mustard (Brasslca juncea) or 
rocket-salad (Eruca sa t iva) alongwith potato reduced the populat ion 
densities of nematodes s ign i f i can t l y (Tables 7,9) , the y ie ld of potato 
should have increased; the fa i lu re in the increase of y ie ld (Tables 7, 
9) appears to be due to the shar ing of soi l nutr ients by two crops 
grown simultaneously in the same bed. Although mixed-cropping wi th 
mustard or rocket-salad did not apparent ly improve the y ie ld of 
potato, the y ie ld of mustard and rocket-salad from the same bed is an 
addi t ional benefit as both of these are economically important 
o i lcrops. These results are in agreement w i th those of Alam et^ a .^-
(1976) who have observed reduction in nematode populat ion on wheat 
and barley by growing another species of mustard (B^. campestris) and 
rocket-salad as mixed crops. S im i la r l y , Mani (1988) observed that 
in tercul ture of acidlime wi th mustard (B^. campestris) reduced the rate 
of mu l t ip l i ca t ion of Tylenchulus semipenetrans. Haq and Gaur (1988) 
also reported that the in tercu l ture of pea and mustard reduced the 
nematode populat ions. Mustard (^. campestris) was also found to be 
beneficial in nematode control when included in various cropping 
sequences ( K h a n ^ a J _ . , 1976; A l a m ^ a J ^ . , 1980b, 1981). 
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The root-exudates of mustard (^. juncea) and rocket-salad 
were highly deleterious to p lan t -paras i t i c nematodes (Tables 7, 9) 
suggesting their role in suppression of nemetode populations on potato 
when grown intermixed with these oil crops. These results confirm 
and extend the earl ier findings of Alam et a^. (1976) who have 
claimed the toxic nature of root-exudates responsible for nematode 
control on wheat and barley with another species of mustard 
(B .^ campestrls) and rocket-sa lad. Morgan (1925) noted that the 
root-diffusates from some crucifers apparently reduced the severity of 
nematode attack on potato and resulted in increased yield. Similarly 
white mustard (B, h i r ta) and black mustard (iB. nigra) showed the 
same effect (Ellenby, 19'*5). This effect is considered to be due to 
the presence of isothiocynates in root-diffusates of these plants 
(Trlffitt, 1929, 1930; Ellenby, 19^5). Forrest (1989) and Forrest and 
Farrer (1983) have also shown that mustard root diffusates were 
significantly effective in inhibit ing the hatching of eggs of Globodera 
. pall ida previously stimulated by potato root diffusates. 
Nematode control efficiency of growing kasni with berseem and 
rizka as well as mustard and rocket-salad with potato greatly 
enhanced when beds were also treated with oilcakes and leaves of 
neem and castor . This type of study, i .e^, integration of inter 
cropping with the antagonist ic crops and soil application with the 
organic amendments, has been undertaken for the first time. Neem 
cake was found to be most efficacious aga ins t the nematodes and the 
effect was almost at par as that for the test nematicide, carbofuran. 
It was followed, in order of efficiency, by castor cake, neem leaf and 
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castor leaf (Tables 5, 7, 9 ) . Our results with respect to efficiency of 
oilcakes are in agreement with those of Lear (1959), Khan (1969), 
Gour and Prasad (1971), Singh and Sitaramaiah (1973). Alam and 
Khan (197't). The efficacy of chopped leaves of neem and castor in 
field has been reported for the f irs t time. 
In the present experiments, beneficial effects of oilcakes 
persisted for longer duration as they remained effective agains t 
p lan t -paras i t i c nematodes even in the subsequent crop, when a 
susceptible-crop okra cv.* Pusa Sawani was grown in the same plot 
without giving any further treatment. Here again the residual effect 
of neem cake was most pronounced both with respect to nematode 
control as well as improvement in plant growth (Tables 6, 8, 10). 
This appears to be due to the fact that oilcakes are made-up of 
complex organic substances which decompose rather slowly (Daji and 
Iyengar, 1971), and thus they gradual ly release nematotoxic 
substances for longer durat ions . Similar results have also been 
obtained by Singh and Sitaramaiah (1966), Mishra and Prasad (197'>) 
and Alam ^ ^ . (1977b). Alam (1976) has claimed tha t oilcakes were 
cheaper than nematicides and thus provided a favourable cost-return 
ra t io . Regarding the feasibili ty of using oi lcakes, he has provided 
evidence that these organic additives were equally effective during 
two different seasons of India , v iz . , winter ( rab i ) when temperature 
ranges between 10-25''C, and summer (kharif) when temperature ranges 
between 25-30°C and also in two different soil types, one with low 
organic content and having pH 1,1 and another with high organic 
content and having pH %.k. 
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Basically, different nematode management s t ra tegies have their 
own limitations, though to varying extent . However, Oostenbrink 
(1972) pointed out that there is a scope of combining different control 
methods in a complementary manner. Thomson et_ a_L (1983) were of 
the view that integrated pest management would be the best s t ra tegy 
for nematode management. In order to get maximum benefit it is 
necessary to have a complete and clear understanding of ecology and 
biology of crops, pests and their na tura l enemies. This aspect 
concerned with the population management but it is abundantly 
necessary to consider the farmers interest also. Ferris (1978) has 
rightly suggested that integrated nematode management (INM) concept 
should be to maximize the nematode management. Various INM 
strategies have been tried in developed countries with varying degree 
of success (Webster, 1972; Alphey et^ ^ . , 1988; Ruelo, 1983). In 
India also such studies have been attempted (Ravichandra and 
Krishnappa, 1985; Jain and Bhatti , 1988), though these are basically 
empirical s tudies . However, they have at least opened posibilit ies of 
combining different method. Mixed-cropping with different treatments 
is an integrated approach found to be highly beneficial not only with 
respect to nematode control but also for improvement of crop yields. 
The effect of different combinations was more than that achieved by 
either of the treatments. The integration of these two diversified 
factors has been studied and reported for the first time. 
The mechanism(s) of action of organic amendments leading to 
plant disease control is not yet fully understood. The complex nature 
of soil environmen makes it difficult to assess the possible activities 
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occurr ing in so i l . I t appears that disease control in amended soi l is 
the resul t of not one specific but d i f ferent factors. These mechanisms 
affect disease severity through their effect on so i l , host and the 
pathogen. Modif icat ion of phys ica l , chemical and biotic environment 
of soi l through addi t ion of decomposable organic matter has been 
found to influence incidence of many p lant diseases. 
Cu l tu ra l practices employed in bio logical control encourage 
development of such microorganisms in the soi l which destroy or 
suppress pathogen through antagonism (an t ib ios is , competetion, 
•parasitism and predat ion) . The metabolites of these organisms or 
decomposition products of organic matter attached by them may induce 
physiological resistance in the p lan t . 
Many theories have been put forward by di f ferent scientists to 
exp la in the possible mechanism of nematode control by the appl icat ion 
of oilcakes to the so i l . Alam (1976, 1990b) stated that wi th l ibera l 
supply of water the oilcakes undergo decomposition and release many 
compounds l ike phenols, aldehydes and d i f ferent gases inc lud ing 
ammonia. Si taramaiah and Singh (1978a) also reported the release of 
fa t ty acids, while Khan (1969) and Hasan (1977) have indicated the 
release of amino acids and carbohydrates dur ing decomposition of 
oi lcakes. A l l these chemicals have been reported h ighly deleterious to 
many p lan t -paras i t i c nematodes by many workers (Eno et_ a_L., 1955; 
Vassalo, 1969; Khan, 1969; Khan et^  ^ 1 ^ . , 197'fa; Walker e^ ^ . , 1967; 
Hasan and Saxena, 197'>; Alam, 197$; Si taramaiah and Singh, 1978b, 
Aiam _et aj^., 1979 and Badra _et a_l_., 1979; Singh and Singh, 1988). 
During the degradation of oilcakes there is a poss ib i l i ty of the 
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release of other chemicals which are detrimental to nematodes. 
Though it is sti l l premature to say that the amount of these 
compounds released during decomposition of oilcakes are sufficient for 
such an action under na tura l soil conditions. Water extracts of 
oilcakes and deoiled cakes have also been found toxic to a variety of 
nematodes (Khan jet^  a_l_., 1966; Rao and Prasad, 1969; Deshmukh and 
Prasad, 1969; Misra and Prasad, 1973 and Sitaramaiah and Singh, 
1977). They also inhibit juveniles hatching probably because they 
contain varying amounts of phenols, aldehydes and other toxic 
chemicals of unknown composition (Khan et_ a\_., 1966, 197'fb; Rao 
and Prasad, 1969; Si taramaiah et_ al_., I97k; Pil lai et aj_., 197(>; Alam 
et^_al_., 1978, 1979, 1982). Alam et^ aj_. (1982) later got evidence that 
water soluble fractions of oilcakes became progressively more toxic to 
nematodes and inhibitory to larval hatching of the root-knot nematode 
during the course of decomposition. This shows that more toxic 
principles are l iberated during decomposition of oilcakes and form 
solutions in water and occupy the soil pore spaces where most of the 
populations of noxious nematodes occur and thus bring about reduction 
in the inoculum density and keep the nematode populations below the 
economic threshold levels. Alam (1976) pointed out that due to their 
high solubil i ty, the toxic fractions can reach into the soil much 
beyond the rhizosphere region of plants and there kill or limit the 
mobility of nematodes which are left in the field from the preceding 
crop. Like nematicides, therefore, they also play a preventive role. 
Sitaramaiah et^  a\_. (1969) have pointed out that oilcakes have 
adversely affected ovovivipari ty resul t ing in reduced number of 
infective root-knot larvae in soil. 
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Addition of organic matter to soil stimulates microbial activity 
of bact r ia , fungi-, algae and other micro-organisms (Webster, 1972; 
Sayre, 1980; Rodr igiuez-Kabana £ t _aj_., 1987), Linford (1937) and 
Linford ex^ aj_. (1938) used pineapple leaves as soil amendment and 
obtained significant control of root-knot nematodes Meloidogyne spp. 
at tacking cowpea but noticed an increase in the population of 
saprozoic nematodes. They suggested that organic amendment 
supported microbial and animal species inimical to the root-knot 
nematode. Increased microbial activity in amended soil cause 
enhanced enzymatic activit ies (Rodriguez-Kabana et^ a2_., 1983) and 
accumulation of decomposition end products and microbial metabolites 
which are deleterious to p lan t -paras i t i c nematodes (Johnston, 1959; 
Mankau and Minteer, 1962; Rodriguez-Kabana et^ aA., 1965; Walker, 
1971; K h a n e t . a ] _ . , 197'>b; B a d r a e t aJL-, 1979). 
As has been pointed out above, the decomposition of oilcakes 
takes place due to the increased activity of soil microorganisms 
including bacter ia , fungi, etc . The role of fungi during 
decomposition of oilcakes and its subsequent effect on nematodes has 
been studied by Kirmani (1977). The metabolites of microbes which 
become active during decomposition of organic amendments have also 
shown varying degree of toxicity of nematodes. Culture fi l trates of 
many saprophytic fungi, v iz . , Aspergillus niger, Pe n ic 1111 um 
corylophilum have been found to be highly deleterious to 
p lan t -paras i t i c nematodes (Alam et al^., 1973; Khan et a_I., 1981; 
Kirmani et^ aj_., 1978). These fungi are known to produce toxins and 
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antibiotics-malformin, hedacidine, gliotcxin, viridin and penicillium. 
In a recent study, Ja ta la (1986) noted that diffusable metabolites of 
Paecilomyces li lacinus caused deformation of M. incognita. Some 
microorganisms act as decomposers of organic residues and release 
substances deleterious to nematodes. These metabolites and 
decomposition products are quite comparable to nematicides and thus 
their producers may be considered as bio-control agents . There are 
several reports about bacteria which produce nematicidal metabolites. 
3ohnston (1959) reported toxicity of culture fi l trates of Clostridium 
butyrlcum containing formic, acetic, propionic and butyric acids to 
Tylenchorhynchus mar t in i . Rodriguez-Kabana et j_[. (1965) found 
Desulfovibrio desulfuricans responsible for producing H-S in enough 
amounts to control nematodes in flooded rice field. A new group of 
macrocyclic lactones, called avermectlns, have been isolated from 
Streptomyces avermitiiis (Burg et^ al^., 1979: Miller £ t aj^., 1979) and 
found to be highly toxic to nematodes. 
Oilcakes also influence physical and chemical properties of 
soil (Ahmad e^ a^.., 1972), which render the soil atmosphere 
unfavourable for nematode act iv i ty . Vander Laan (1956) suggested 
that the plant host become unfavourable for nematode development due 
to some possible physiological changes that occur as a result of soil 
treatment with organic amendments. In case of oilcakes this was 
proved by Alam et^ JL[. (1977e, 1980a) and Sitaramaiah and Singh 
(1978b). They noted increased resistance in plants grown in soil 
amended with oi lcakes. It was suggested that this reduction of 
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resistance was due to increased level of phenolic contents in the host 
roots. 
Organic addit ives also release nutr ients which accelerate 
rap id root development and overa l l p lant growth thus helping the 
plant to escape nematode at tack. This theory has been substant iated 
by the results of another experiment (pot study) where the organic 
amendments have improved plant weight by several folds 
(Tables 11-22). 
The nematicide-carbofuran was also included in the present 
study for comparing the eff icacy of o i lcakes. I t was observed that 
the test oilcakes were in no way infer ior to the nematicide 
(Tables 1-5,7,9). 
The pr inc ip le under ly ing the eff icacy of organic amendments is 
that the decomposable organic matter should be allowed to decompose 
in f ie ld in such a way and for such a period that the process of 
decomposition and its associated act iv i t ies suppress or destroy the 
pathogen and that i t should not interfere wi th normal cu l t u ra l 
pract ices, and after p lan t ing of the crop there is no harmful effect on 
the p lants . Simultaneously, the disease proneness of the plants is 
also reduced. Since decomposition products of organic matter may 
harm plant roots, such treatments should be appl ied some time before 
p lan t i ng , hence a wa i t i ng period is necessary. 
I t is very d i f f i cu l t to pin point the exact mode of action of 
organic addit ives used in the present study. However, one or the 
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other reason put forward for other organic amendments may very well 
be applicable for the present case . 
Nematode control efficiency of chopped leaves of some plents , 
v i z . , Azadirachta indica, Calotropis procera, Melia azedarach, Ricinus 
communis, Clerodendrum inerme, Eucalyptus ci t r iodora, Lantana indica 
and Thuja oriental is have been evaluated using two doses (50 and 
lOQ g /pot) . All these treatments significantly reduced the populations 
of p lan t -paras i t i c nematodes and root-knot development with 
corresponding increase in plant growth of tomato and chi l l i 
(Tables l l - l ' j ) . Highest reduction in nematode populations as well as 
root-knot development, and increase in plant growth were found with 
C. procera followed by A. indica, JR. communis and M. azedarach, 
whereas other treatments gave poor resu l t s . The effectiveness ot 
different treatments varied from nematode to nematode. Similar results 
have also been reported by other workers with respect to A. indica 
(Egunjobi and Larinde, 1975), R. communis (Zaki and Bhatti , 1990). 
Leaf extracts of the above plants also showed high nematicidal 
property, highest being with A. i n d ic a (Tables 35-W) thereby 
substant ia t ing the above resu l t s . Similar results have also been 
reported by others with respect to A. indica (Egunjobi and Afolami; 
1976; Vijaylakshmi et^ a_[., 1979, 1985). Neem (A. indica) is known to 
contain over 3i^ different chemicals belonging to the diterpenoid, 
tri terpenoid and flavonoid groups (Thakar et j j ^ . , 1981; Rao and 
Parmar, 1984). Khan et^ ^ . (1974b) reported that two bitter 
principles of A. indica, v iz . , nimbin and thionemone were highly toxic 
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to p lan t -paras i t ic nematodes. I-imoRoids belonging to the 
furanotriterpenoids have also been found to be nematotoxic (Devakumar 
et a l . . 1985). U.S. Scientists have developed practical methods for the 
isolation of azadiracht in and have tested its toxicity agains t 
nematodes (Warthen J r . , 1979). Similarly, nematicidal properties were 
noted in leaf and seed extracts of M. azedarach (Lee, 1987). The 
direct antinemic action showed by the plant extracts j_n vitro adds 
credence to the hypothesis of Reninger ex_ a_l_. (1958) with regard to 
the mechanism of action of organic amendments that the material may 
be directly toxic to nematodes. 
In another experiments, similar results were also obtained 
with the soil application of fallen leaves of some perennial p lants , 
e . g . , neem (Azadirachta indica) , castor (Ricinus communis) and 
bakain/Pers ian lilac (Me 1 ia azedarach) . Leaves of neem were found 
more efficacious than those of castor and bakain Root-knot 
development (Tables 17, 18) and nematode populations (Tables 15, 16) 
gradually decreased and growth of tomato and chi l l i improved in 
treat ing the soil with increasing doses. These additives appear to 
have toxic principles even in dried form. This type of study with 
respect to the application of fallen leaves for nematode control has 
been done for the first time. These finding have also indicated a 
sui table utilization of fallen leaves, which otherwise remain 
mismanaged and go waste. 
Incorporation of crop residues of marigold (Tagetes erecta) 
mustard (Brassica juncea) and sunflower (Helianthus annuus) into soil 
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proved to be highly effective in reducing the incidence of root-knot 
caused by M. incognita (Tables 21, 22) and the population build-up 
of p lan t -paras i t ic nennatodes present in the natural ly infested soil 
(Tables 19, 20). Enhanced plant growth of susceptible cu l t ivars of 
tomato and chi l l i had positive correlation with the degree of nematode 
control. Higher doses resulted in better effects (Tables 19, 22). 
Yuhara (1971) also noted a significant reduction in the population 
build-up of M. hapla by addition of various plant parts of marigold 
to soil . Mustard and marigold plants are not only antagonistic to the 
p lan t -paras i t ic nematodes (Hachney and Dickerson, 1975; Alam et a l . , 
1976) but their crop residues also posess nematode suppressant 
properties (Tables 19-22). Therefore, in all the probabil i ty stress on 
p lan t -paras i t i c nematodes due to various antagonist ic crops may be 
further enhanced by the incorporation of their plant residues in the 
field following their harvest (Siddiqui, 1986; Siddiqui and Alam, 
1987c, 1988a,b). The present finding with respect to nematicidal 
nature of sunflower plant residues is reported for the first time. All 
the additives did not show any phytotoxic effects. The present 
findings also indicate that the efficacy of different bio-resource 
amendments is different* Rodr iguez-Kabana e_t a_[.. (1987) have 
concluded that the efficacy of an organic addit ive depends on its 
chemical composition and type of microorganisms that develop during 
the degradation of the addi t ives . This view of Rodr iguez-Kabana 
et a l . (1987) in a way, fully supports our findings, as marigold 
plant residue was more effective than mustard and sunflower at the 
same does. 
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Urea is a major source of nitrogenous fertilizer in Ind ia . It 
has been estimated that out of the total quanti ty of urea applied to 
crops about 50-70^ is lost in various ways thereby reducing the 
avai labi l i ty of nitrogen to crops . 'Nimin' is a neem product 
developed indigenously by Godrej Soaps Ltd. for use as urea coating 
agent to help prevent loss of nitrogen by leaching and ensuring its 
sustained supply. Since it is a tr i terpene rich material it should 
have some antinemic propert ies . However, nothing is known in this 
regard. Therefore, present study was undertaken to explore its 
relevance in nematode control, if any. 
The recommended dose of 'Nimin' coatings on urea is 500 g 
Nimin/50 kg urea (= Ig Nimin/100 g u rea ) . It has been found that , 
the recommended dose of 'Nimin' is addit ionally beneficial for the 
control of p lan t -paras i t i c nematodes occurring in na tura l ly infested 
soil, including root-knot nematode: M. incognita- on tomato and chil l i 
(Tables 23, 26). However, the higher doses were more beneficial. 
All the three doses (1,- 2, 3g Nimin/pot) used in the present study 
have improved plant growth thus showing non-phytotoxic nature of the 
material at these doses. The nematode control efficiency of 'Nimin' is 
understandable because neem is already known to be rich in nematode 
toxic chemicals. The improved plant growth is part ly due to the 
sustained release of nitrogen from urea in presence of 'Nimin' besides 
inhibition of nematode population. The present study has been done 
for the first time. 
A similar study was also conducted to evaluate nematode 
control efficiency of oils of neem, castor , mustard and rocket-salad as 
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urea coating agents . It was noted that these oils have significantly 
suppressed populations of natural ly occurring p lan t -pa ras i t i c nematodes 
and root-knot incidence caused by M. incognita on tomato and ch i l l i . 
As a consequence of reduction in nematode populations, plant growth 
enhanced. The different oils proved highly deleterious when doses 
increased. Here again , neem oil was found to be most beneficial 
followed by castor , rocket-salad and mustard (Tables 23-26). 
Nematode control efficiency of oils may be due to the presence of some 
toxic chemicals as well as fatty acids, etc . that might have released 
during the break down of the oi l . 
Oilcakes and leaves of neem and castor have been successfully 
used in controlling p lan t -paras i t i c nematodes when incorporated into 
the soil (Tables 1-10). However, bare-root dip treatment of tomato 
and chi l l i seedlings (both pre- and post-inoculated with M. incognita) 
with extracts of undecomposed and decomposed oilcakes and leaves of 
neem and castor provided protection aga ins t the root-knot disease 
(Tables 27-3*). Thus the extracts exhibited prophylactic as well as 
therapeutic effects agains t the nematode. This type of work, in a 
way, has been done for the f irs t time. 
Inhibition of root-knot development was greater in pre-infected 
seedlings compared with those inoculated with the nematode after 
root-dip treatment. This indicates that the chemicals absorbed by the 
roots have directly acted aga ins t the nematode already present in the 
roots. Whereas when the inoculation was made after dip treatment, 
the potentiality of chemicals might have reduced to some extent by the 
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time the nematodes had establ ished an effective host-parasi te 
re la t ionship. The present findings also indicate that the water 
extracts of oilcakes and leaves rendered the roots of susceptible plants 
highly unfavourable to M. incognita. Similar results have been also 
observed by Siddiqui and Alam (1988c) with bare-root dip of tomato 
seedlings in undecomposed extracts of neem leaves. They suggested 
that some chemicals are either absorbed by the roots or their might 
have been some chain reaction which has been tr iggered due to some 
factor ( ' e l i c i t o r ' / ' ac t iva tor ' ) present in the leaf ex t rac t . Examples of 
the initiation of cascade mechanism leading to the resistance of cells 
against the invasion and development of pathogens are avai lable in 
l i terature (Bell, 1981; Giebel, • 1982). Similar possibil i t ies may well be 
applicable in the present case . According to Giebel (1982) "The 
induction of resistance by t rea t ing the plants with par t icular 
chemicals will perhaps have a great pract ical significance in the 
future. Experiments on the chemical induction of a res is tant reaction 
in susceptible plants have not only the pract ical aspect of perhaps 
giving a new systemic nematocide. Indirect ly , they will enable us to 
find out new hypotheses or to confirm those already present about the 
mechanism of plant susceptibil i ty or resistance to nematodes". Kast 
(1985) also supported these observations that induced defence 
mechanisms may also have some pract ical relevance as they may be 
used in integrated or biological disease control s t ra teg ies . 
The reduction in root-knot development due to root-dip 
treatment could also be at t r ibuted to the unfavourable condition 
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causing poor penetration and later re tardat ion in biological activities 
such as feeding and/or reproduction of the nematode as suggested by 
Bunt (1975). 
The extracts of decomposed oilcakes and leaves were found to 
be more effective than the undecomposed ones. This appears to be due 
to the release of toxic substances during the course of break down of 
complex substances as well as production of toxic metabolites by 
microorganisms associated with the decomposition process. 
These findings with respect to the protective action and the 
direct toxicity of neem and castor would go a long way to help 
develop some plant based nematicidal products. 
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6. SUMMARY 
The present thesis embodies the results of di f ferent 
experinnents conducted to evaluate the eff icacy of various organic 
annendments, e . g . , fresh leaves, fa l len leaves and dry crop residues 
against p lan t -paras i t i c nematodes a t tack ing tomato and c h i l l i . 
Some p lant products, . e .g . , 'N imin ' (a neem based tr i terpene r ich 
product of Godrej Soaps L td . ) and oi ls of neem, castor, mustard and 
rocket-salad were used as urea coat ing agents for con t ro l l i ng p lant-
paras i t ic nematodes. Water extracts of p lant leaves and oilcakes were 
tested for their antinemic action _m v i t ro . These extracts were also 
tested as bare-root dip treatment for determining their systemic 
ac t i v i t y against the nematodes. Nematode control eff iciency of some 
antagonist ic crops was evaluated by growing them intermixed with 
nematode-susceptible crops. For an integrated approach of nematode 
contro l , organic amendments were used together wi th in tercu l ture of 
antagonist ic crops. Antinemic action of root-exudates of the 
antagonist ic crops was also evaluated j j i v i t r o . Summary of results of 
the above experiments is as fo l lows: 
Berseem/Egyptian clover (Tr i fo l ium aiexandr inum) and 
r i zka / lucerne , a l fa l fa (Medicago sat iva) are two most important fodder 
crops cu l t i va ted in Northern Ind ia for da i ry animals. Most often 
kasni /chicory (Cichorium in tybus) , another fodder crop, is also grown 
intermixed wi th these crops. Prel iminary study revealed that f ields 
having kasni s ing ly or intermixed w i th the other two crops harboured 
low populations of p lan t -paras i t i c nematodes. Therefore, a thorough 
study was undertaken to evaluate the pract ice of mixed-cropping of 
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the above fodder crops viz-a-viz nematodes. It was found that 
populations of Meloidogyne incognita, Rotylenchulus reniformis and 
Helicotyienchus indicus multipJied freely on berseem, indicat ing it to 
be a good-host for these nematodes, whereas Tylenchor hynchus 
brassicae and Hoplolaimus indicus reproduced only sl ightly while 
Tylenchus filiforfnis was not supported by the crop. Rizka appeared 
to be a good-host for M, incognita and Hoplolaimus indicus whereas it 
can be regarded a poor-host for Helicotyienchus indicus and 
Rotylenchulus reniformis, and non-host for _T. filiformis and 
i* brass icae . In case .of kasni populations of all the nematodes 
present in the soil declined signif icant ly. The nematodes suppressant 
effects of kasni were noted even when kasni was grown intermixed 
with berseem and r izka , thereby showing antagonist ic nature of kasni 
towards the p lan t -paras i t i c nematodes (Tables 1, 2, 3, i^, 5). 
A similar study was also undertaken to explore scientific 
basis of another age old practice of growing mustard (Brassica 
juncea) and rocket-salad (Eruca sa t iva) intermixed with cereals and 
vegetables, in relation to nematodes. These two crops showed highly 
antagonistic effect on p lan t -paras i t i c nematodes even when grown 
intermixed with a nematode-susceptible crop, v iz . , potato (Soianum 
tuberosum) (Tables 7, 9 ) . 
Nematode control efficiency of growing kasni with berseem and 
rizka as well as mustard and rocket-salad with potato greatly 
enhanced when beds were also treated with oilcakes and leaves of 
neem and cas tor . Neem cake was found to be most efficacious aga ins t 
the nematodes and the effect was almost at par as that for 
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carbofuran. It was followed, in order of efficiency, by castor cake, 
neem leaf and castor leaf (Tables, 1, 2, 3, it, 3, 7, 9) . This 
integrated approach was found to be highly beneficial not only with 
respect to nematode control but also for improvement in crop yield. 
The beneficial effects of all the treatments persisted in the next 
growing season, i . e . , after a lapse of 7-9 months when okra 
(Abelmoschus esculentus) cv . Pusa Sawani was grown in the same field 
without giving any further treatment. Here aga in , the residual effect 
of neem cake was most pronounced both with respect to nematode 
control as well as improvement in plant growth (Tables 6, 8) . 
Root-exudates of mustard and rocket-salad were found to be 
highly deleterious to M. incognita, fi. reniformis, _T, br assicae, 
Hoplolaimus indicus, Helicotylenchus and T_. filiformis (Tables 't't, 'fJ). 
These also significantly inhibited the hatching of M. incognita in 
vitro (Table ^^6). 
In vitro s tudies , extracts of both undecomposed and 
decomposed oilcakes of neem and castor were found highly toxic to the 
root-knot nematode. Moreover, the decomposed extracts were more 
deleterious to the nematode than undecomposed ones (Table 1^2). The 
toxicity of different extracts increased with an increase in the 
concentration and the exposure period. These extracts also inhibited 
hatching of M. incognita s ignif icantly, more being with decomposed 
ones. There was an increase in the inhibition in the hatching of 
M. incognita with an increase in the concentration (Table *3), 
In pot studies several organic additives in the form of fresh 
chopped plant leaves of Azadirachta indica, Calotropis procera, 
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Clero den drum inerme, Eucalyptus citr iodor a, Lantana indica, Melia 
azedarach, Ricinus communis and Thuja or iental is at two different 
doses (50 and 100 g/pot) were found to be highly satisfactory in 
reducing the incidence of root-knot caused by M. incognita 
(Tables 12, 13) and population densities of natural ly occurring plant-
paras i t ic nematodes, v iz . , R. reniformis, _T. br assicae, Hoplolaimus 
indicus, Helicotylenchus indicus and T[. filiformis (Tables 10, 11) on 
tomato and ch i l l i . However the efficacy of different treatments varied 
from nematode to nematode. Among the different treatments, leaves of 
Calotropis procera were found to be most effective. 
Similar results were also obtained with the soil application of 
fallen leaves of some perennial p lants , e . g . , neem (Azadirachta 
indica) , castor (Ricinus communis) and baka in /Pers ian lilac (Meli 
azedarach) . Leaves of neem were found to be more efficacious than 
castor and baka in . Root-knot development (Tables 17, 18) and 
nematode populations (Tables 15, 16) decreased and growth responses 
of tomato and chi l l i improved in the treated soil . 
Incorporation of dry crop residues of marigold (Tagetes 
e rec ta ) , mustard (Brassica juncea) and sunflower (Helianthus annuus) 
into soil proved highly effective in suppressing the incidence of 
root-knot caused by M. incognita (Tables 21, 22), and the population 
build-up of all the p lan t -paras i t i c nematodes present in natural ly 
Infested soil (Tables 19, 20). Enhanced plant growth of susceptible 
cul t ivars of tomato and chil l i had postive correlation with the degree 
of nematode control. Higher doses resulted in better effects. 
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I n v i t ro studies revealed antinemic action of leaf extracts of 
A. ind ica , C. procera, C. inerme, F^ . c i t r iodora, L.. indie a, M. 
azedarach, R. communis and T^ . or ienta l is on M. incogni ta, 
R^ . ren i formis, J_. brassicae, Hoplolaimus ind icus, Helicotyienchus 
indicus and _T. f i l i f o rm is . Mor ta l i ty increased wi th increasing the 
concentrat ion of extracts and the durat ion of exposure period 
(Tables 35, 36, 37, 38, 39, itO). Hatching of M. incognita was also 
inh ib i ted wi th d i f ferent concentrations of the extracts (Table ^ I ) . 
'N imin ' a neem based product is used by farmers as urea 
coat ing agent for prevent ing the loss of nitrogen by leaching. In 
addi t ion to this benefit , this t r i terpene r i ch mater ia l was found to be 
highly sat isfactory in reducing populations of na tu ra l l y occurr ing 
nematodes, v i z . , M. incogni ta, R^ . ren i formis, T^. br assicce, 
Hoplolaimus ind icus, Helicotyienchus indicus and T^. f i l i fo rmis on 
tomato and c h i l l i (Tables 23, 2k). Similar results were also observed 
in a separate study, against root-knot incidence on tomato and c h i l l i 
caused by M. incognita (Tables 25, 26). 
A s imi lar study was also conducted to evaluate nematode 
control ef f ic iency of oi ls of neem, castor, mustard and rocket-salad as 
urea coat ing agents. These treatments s ign i f i can t l y suppressed 
populations of na tu ra l l y occurr ing p lan t -paras i t i c nematodes, v i z . , 
M. incogni ta , R^ . reni formis, T_. brassicae, Hoplolaimus indicus, 
Helicotyienchus indicus and T_. f i l i fo rmis on tomato and c h i l l i 
(Tables 23, 2^ )^ w i th a corresponding improvement in plant growth 
parameters. The di f ferent oi ls also proved to be highly efficacious 
against the root-knot nematode M. incognita in a separate study 
(Tables 25, 26). 
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Bare-root dip treatment of tomato and ch iJ l i seedlings wi th 
extracts of undecomposed as well as decomposed oilcakes and leaves of 
neem and castor provided protection against the root-knot nematode M. 
incognita (Tables 27, 28, 29, 30, 31, 32, 33, 3 f ) . A cura t ive effect 
was also noted when roots of pre-infected seddlings were given a 
similar treatment (Tables 27, 28, 31, 32). Suppression of root-knot 
development was greater in pre-infected (Tables 27, 28, 31, J2) 
seedlings than in those inoculated (Tables 29, 30, 33, 3^ )^ after dip 
treatment. Extracts of decomposed materials were more effective than 
those of undecomposed ones. Effects of oilcakes were comparat ively 
better than leaves. Extracts of neem were more effective than those 
of castor. 
Extracts of both undecomposed and decomposed oilcakes of neem 
and castor were also tested _i£ v i t ro for their antinemic action against 
M. incogni ta. Decomposed extracts were more deleterious than 
undecomposed ex t rac ts . Nematode mor ta l i ty increased wi th an increase 
in the concentrat ion of the extracts and the exposure period (Table 
f 2 ) . Similar trend was also noted wi th respect to inh ib i t ion in 
hatching of M. incognita (Table '^3). Here aga in , increase in the 
concentration increased the inh ib i t ion in the hatch ing. 
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